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polS LYMER,ZAT1 ° N cataly ^t and process for the production of olefin 



(57) The present invention provides olefin polymeri- 
zation catalysts which can produce olefin polymers with 
excellent polymerization activity and an olefin polymeri- 
zation method using the catalyst, wherein the catalyst 
comprises a transition metal amide compound repre- 
sented by general formula (I) below: 



R 1 — N 



N — R 1 



(I) 



where M 1 is Ti, etc.; R 1 is alkyl, (substituted) phenyl, 
etc.; R 2 is -C^ 2 C(F^ m C(RV or -C(R 5 ) r X 1 -C(R 5 ) 2 - 
(X representing a sPlcon-containing group, etc. , and R 5 
and R 6 presenting hydrocarbon groups, etc.); and R 3 
is a hydrocarbon group or halogen, etc.; and at least 
one compound selected from among organoaluminum 
oxy-compounds, ionizing ionic compounds and organo- 
metallic compounds. 

The present invention further provides a process for 
producing olefin polymers whereby the olefin polymers 
are produced with even higher polymerization activity, 
and the resufting polymers have no residual odor! 
wherein during polymerization or copolymerization of 
olefins in the presence of a catalyst comprising a transi- 
tion metal '..amide compound represented by 
(R 2 N) k M 2 X 2 Hc (M 2 representing Ti, Zr, etc., j represent- 
ing the valency of M 2 , k representing 1 toj. R represent- 
ing a hydrogen atom, hydrocarbon groip, etc., and X 2 
representing a halogen, hydrocarbon group, etc.) and 
an organoaluminum axy^compound. the organoalumi- 
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num oxy-compound is added to the polymerization system in a form of an alphatic or alicydic hydrocarbon slurry. 

Ftg.1 

(A) TfBnsfflon cnstal component 




RP 

, /\ 

R» — N N — R» 



M 



M iTraratton metal of Gnus* 4 or (tap B to 10 
R 1 : HyoVocsAon of & to Cts 
R^-CtR^t-CCR^-Cftf)*- 

-C(R a )l-Si(R i )i-C(R 8 )t-A 
Rp,R 4 :HyaD0Htan of Ct to Cis,hyarogan.tatogan 



(B) G^pjBnnwtoBc component 



c 



> 



^ LiJtk^i toftte compound 
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TECHNICAL FIELD OF THE ART 

The present Invention relates to an olefin porymerization catalyst and a process tor producing olefin polymers, and 
more specifically, it relates to an defin polymerization catalyst which can produce olefin pdymers witfi superior polym- 
erization activity, and to an olefin polymerization process employing the catalyst 

BACKQRQUNP ART 

Olefin(-based) polymers, which include ethylene polymers, ethytene/a-defin copolymers, ethyl ene/styrene copoly- 
mers, ethylene/cycOc olefin copolymers, propylene polymers and propylene/a-oiefri copolymers, are used in various 
fields because of their excellent rfgkfity, mechanical length, chemical resistance, mottability and heat resistance. 

As catalysts used to produce these olefin polymers there are known trtarium-based catalysts comprising eo! id tita- 
nium catalyst components and <yganoakirranum compounds, vanadium-based catalysts compr^ng soluble vanadium 
compounds and organoaiuminum compounds, metaltocen^based catalysts comprising metaflocene compounds of 
transitional metals selected from Group 4 of the Periodic Table and organoaiuminum oxy-compounds andtor ionizing 
ionic compounds, etc. In addition, as new olefin polymerization catalyst components there have been proposed metal 
amide compounds comprising titanium and diamine-based figands. as represented by the following formulas (Macro- 
molecules 1996, 29, 5241-6243; J. Ant Chera Soc. 1996, U& 10009-10009). 

^CH 2 ^CHa 
CH 3 ^CH 2 / CH 2 "CHa 



R— ^N— R R— N N— R 



wherein R represents 2,6Kiso-Pr) r CsH3- or 2,6^-06^, and R' represents -Me or -CHgPh. 

These metal amide compounds are used in combination wffli aluminoxanes or BfCgFgfo, but their polymerization 
activity is inadequate. 

Recently there have also been proposed 
catalysts descrfred in Japanese Laid-open Patent Publication No. 245713/96 comprising a titanium amide compound 
with a tflaniurrwitrogen bond and an akmnoxana 

Also, in Organometanics 1996, 15, 562-569 there are deserved crganometaflic complexes of Group 4 of the Peri- 
odic Table, having bisfbon/tamide) Egands represented by [MesgBNCr^CHaNBMes^. and it is dated that the com- 
plexes exhfort slight ethylene polymerization activity. 

Incidentally; since olefin polymers generaBy have excellent mechanical properties, etc., they are used in various 
ftekteasdifferemtypesofnxids, but with the c^wsifying derrarxis for properties of defin polymers in recent years, de- 
fin polymers with different characteristics have been desred 

Because of these drcumstancee, there has been a demand for development of olefin polymerization catalysts with 
excellent defin polymerization activity which can give olefin pdymers with excellent properties, as well as a process for 
producing such defin polymers. 

In addition, organodurrinum oxy-compounds (aluminoxanes) used with transition metal compounds for polymeri- 
zation of define are usually produced by contacting an organoaiuminum compound such as triaikytatummum with a 
meta) salt hyoVate in a hydrocarbon solvent The hydrocarbon used here is an aromatic hydrocarbon, especially toluene, 
which has excellent abifty to dissolve the resulting organoaiuminum oxy-compcund, and such organoaiuminum oxy- 
compounds are usually sold as sdutions in tofuene, so that they are added to pdymerization systems as solutions in 
tokens when they are used for polymerization. However, addition of an aromatic hydrocarbon such as toluene to a 
polymerization system raises the problem of residual odor in the polymer, and sometimes problems also arise with 
respect to working ervironmerrt conditions. Although there have been methods for cfisfiUng toluene out from organoa- 
lurrinumoxFConpoundsforiTOdto 
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ally convenient 

AsaresuttofciBgerrt research in light of the prior art the present inventors have completed the present invention 
ipon the finding that when (^^ 

pound and an organoaluminum oxy-compound, addition or the organoaluminum oxy-compound to the polymerization 
system as an aliphatic or affcydic hydroc ar bo n slurry can avoid causing the problems mentioned above and can give 
better polymerization activity than when the organoaluninum axy-corrpound is added to me polymerization system as 
an aromatic hydrocarbon solution. 

DISCLOSURE OF THE INrVENmON 

One entailment of the olefin porymerization catalyst of the present invention is a catalyst (olefin pdymerizaflon 
catalyst (1)) corrprising 

(A) a transition metal amide compound represented by gena r aLfc rm u fc(iy Eafaw and at least one compound 
is sewcujQ rrom among 
(B) 

(B-1) organoaluminum oxy-compounds. 

(B-2) compounds which react with the above-mentioned transition metal amide compound (A) to form ion pairs, 
20 and 

(B-3) orgariometailic compounds. 



w 



25 



30 



V" 

«• «• ...(I) 



40 where M 1 represented transition melalrf^ R 1 represents a hydrocarbon 

group of 1 to 1 5 carbon atoms, the multiple (two) R 1 groips being the same or different; and R 2 represents a divalent 
bonding group represented by general formula (a) or (b) below: 



46 



50 




(a) (b) 



55 (where X 1 represents a sfficon-containing divalent group, a germanium^containing divalent group, a tin-containing <fiva- 
lent group, -O-, -CO-, -S-, -SO-. -SOfc-. -C(R 31 ) p -S-C(^ 2 )q- (where R 31 and R 32 are each hydrogen atom, the same or 
cfifferent aikyl groups or are linted together to form a ring of 3 to 30 carbon atoms, and p and q are 1 or 2). ^(R 5 )-, - 
ty^r-WXPt^hr (where R 33 and R 34 are hydrogen atoms, the same or different aDcyt groups or are Qnked together 
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tokrmaringo*3to30cartxxiaiCKTTS,andrand6are1 a 2), -PfR 5 )-. -PfOJCR 5 )-, -BCR 5 )- or -AI(R^-; R 5 and R 6 may 
tetie same a cOffer^ and each represents a 

group of 1 to 20 carbon atoms, a hydrogen atom or a halogen atom; and when R 1 tea (substituted) phenyl group, at 
least one of foe groups represented by R 5 or R 6 is not a hydrogen atom; m is 1 or 2, the muftjple R* groups and R 6 
groups each may be flw same or different, 2 or more of the groups R 5 arid R 6 may be ^ked to f^ 
mis 1, R 6 Is finked to Its accent R 5 to form a mononuclear or pofynudear aromatic ring), and each R 3 may be the 
same or different with each represer^ ahydrcx^rbon grc^jp of 1 to 15 carbon atoms, a hydrogen atom or a halogen 
atom, and the muftfcrio R? groups befog th& earns or different 

The olefin pdyrrerization catalyst (1) according to the present invention preferably comprises 

(A) a transition metal amide compound represented by fte aforementioned general formula (I), 
(B) 

(B-1) an organoahimmum oxy^onpound and/br (B-2) a compound which reacts with the above-mentioned 
transition metal amide compound (A) to form an ion parr, and optionally, 
(B-3*) an organoahjminum compound. 

Preferred as the aforementioned transition metal amide compound (A) is one in which R 1 of the general formula (I) 
above is a hydrocarbon group wflh an aromatic ring. 

The process for producing the otefirvbased pofymer of the invention nty 
prises tornopdymerizin^ 
alyst(1). 

Use of the olefin porymerization catalyst (1) allows production of olefin polymers by excellent polymerization activ- 
ity. 

Arwmer errtxxfmait of the olefin polymerization catalyst of the present invention Is a catalyst (olefin polymeriza- 
tion catalyst (2)} comprising 

(A) a transition metal amide compound represented by general formula (II) below and at least one compound 

selected from among 

(B) 

(B-1) organoaluminum oxy-compounds, 

(B-2) co m p ou nd s which react wfth the abovenrnentioned transition metal amide compound (A) to form ion 

pairs, 

and 

(B-3) organometaflic compounds. 
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where fJp represents a transition metal atom of (roups 3 to 6 of the Periodic Table; 

R 11 to R 20 may be tie same or different, and each represents a hydrogen or halogen atom, a hydrocarbon group, 
h atoge nated hydroc ar bon group, orgarosilyl group, ataxy group or arytaxy group, -COOR 21 , •N(R 22 )C{0)R 23 , - 
OC(^R a4 l -CN,-Nfi 25 2 or 

-NtR^O^fl? 7 (where fi 21 to l^ 7 represert aD^ groups of 1 to 5 carbon atorro 

group other than a hydrogen atom, at least one of R 16 to R 20 is a group other than a hydrogen atom, any 2 or more 
the groups represented by R 1 1 to R 1 9 may be linked together to form a ring, and any 2 or more the groups repre- 
sented by R 1 6 to R 20 may be finked together to form a ring; 
m is 1 or 2; 
n 18 1 or 2; 

A 1 represents an atom of group 14 of the Periodic Table, and when n is 2, the two groups represented by A 1 may 
be the same or (Afferent 

E may represent the same or different groups and represents at least one atom selected from among carbon, 
hydrogen, oxygen, halogens, nitrogen, sulfur, phosphorus, boron and siicon or substituents containing these 
atoms, and any 2 or more groups represented by E may be Onked together to form a ring; 
p represents an integer of 0 to 4; and 

X 2 represents a hydrogen or halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a hatogenated hydrocar- 
bon group of 1 to 20 carbon atoms, or an oxygen-containing group, suffur-cortairting group or 6iBcorHXHrTtairring 
group, and when p is 2 or greater me groups represented by X 2 may be the same or different 

The process for producing the olefin polymer of the invention may include embodiments each of which co mp rises 
horrwpor/merizing an olefin, or oporymerizing 2 or more olefins, in the presence of fre olefin polymerization catalyst 
(2). — mi 

r Kii^^exceBent polymerization artiv^tf^a^^^^toobtain olefin copolymers of narrow composition cfstri- 
bution copolymerisation of 2 or more olefins. 

Stil another embocfment of an defin polymerization catalyst used for the production process of the present inven- 
tion is a catalyst (olefin porymerisation catalyst (3)) comprising 

(A1 a transition metal amide corrpound represented by general formula (III) befow and at toast one compound 
selected from among 
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(B) 

(B-1) organoaluminum oxy-compounds. 

(3-2) compounds which react with the transition metal amide ccrrpound (A") to form kxi pairs, 
5 and 

(B-3) organometal&c compounds. 
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where M 2 . R 11 to R 20 and X 2 have the same definitions as IbrM 2 R 11 to R 20 and X 2 , respectively, in general for- 
mula (if) above; 
ss m is an integer of 0 to 2; 
nis an integer of 3 to 5; 

Each A 2 may be the same or dffierent and represents an atom of Groups 13 to 16 of the Periodic Table; 
E represents at least one atom selected from among carbon, hydrogen, oxygen, halogens, nitrogen, sulfur, phos- 
phorus, boron and silicon or substituents containing these atoms, and with more than one E group, the E groups 
40 may be the same orcfrfferent arxlany2or moregroup6 represented by E may be finked togetherto form a ring; and 
p represents an integer of 0 to 4. 

The process for producing the defin polymer of the invention may include the following embodiments, i) copolynv 
erizatkxi of an aromatic vinyl compound with cm a-olefin to produce an aromatic vinyl compound/a«deftn copolymer, u) 
46 copdyrnerizsfion of an a-defin of 3 or more carbon atoms with ethylene to produce an ethytene/cc-defln copolymer, oi) 
copdymerizafion of at least two of a-olefins selected from a-defins of 3 or more carbon atoms to produce an a-olefin 
random copolymer or fv) copdymertzation of a Gneer or branched olefin with a cyclic olefin to produce a cycQc olefin 
copolymer, each of which is c on ducted in the presence of the olefin polymerization catalyst 
Use of the ol^ polymerization cat^ 
so ytene/a-defri copolymers, a-defn random copolymers and cyclic defuvbased copolymers, by excellent copdymeriza- 
tion activity. 

Another process for producing an defin copolymer of the invention includes potyrnerizafion or coporymerization of 
olefins In me presence of an defin polymerization catalyst comprising: 

ss (AT a transffion metal amide compound represented by general formula (IV) below 
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(R2N) k M2 X2 j . k (IV) 



where M represents a transition metal atom of Groups 3 to 6 of the Periodic Table, j is the valency of the transition 
metal atom M . k is an integer of 1 to j. each R may be the same or different and represents a hydrogen atom a 
hydrocarbon group, a haJogenated hydrocarbon group, an organosilyl group or a substituent with at least one ele- 
ment selected from among nitrogen, oxygen, phosphorus, sulfur and silicon, the groups represented by R may be 
linked together to form a ring, when k is 2 or greater, two R groups bonded to different nitrogen atoms may be 
bonded together to form a bonding group which bonds the 2 nitrogen atoms. X 2 represents a hydrogen or halogen 
atom, a hydrocarbon group of 1 to 20 carbon atoms, a haJogenated hydrocarbon group of 1 to 20 carbon atoms or 
an oxygen-containing group sulfur-containing group or siGcorHX>ntaining group, and when j-k is 2 or greater each 
X 2 may be the same or different; and 
(B-1) an organoalunrtinum oxy-compound, 

wherein the organoaluminum oxy-compound (B-1) is added to the polymerization system in a form of an 
aliphatic hydrocarbon or alicydic hydrocarbon slurry. 

By the process for producing olefin polymers of the present invention, it is possible to produce olefin polymers with 
higher polymenzabon activity than by processes in which organoaluminum oxy-compounds are added to polymeriza- 
tion systems as solutions in aromatic hydrocarbons. In addition, there is no problem of residual odor in the polymer and 
no problems with respect to working environment conditions. 

BRIEF DESCRIP TION OF THE DRAWINOfi 

Saw ^ eXP ' anat0ry 01 an embodiment <* arl 01*" polymerization step using the olefin polymerization cat- 
F^2 is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 

Rgj} is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 
Qiyst (3). 

at?st 4 (4) m eXP,anat0ry Vi6W * 80 embodiment 01 30 ole,in polymerization step using the olefin polymerization cat- 

BEST MODE FOR CARRYING O! H" THE INVENTION! 

The olefin polymerization catalyst (i) of the present invention can. In addition, there is no problem of residual odor 
in the polymer and no problems with respect to working environment conditions. 

BRIEF DESCRIPTION OF TUP np AW | N ^ 

Figgis an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 
Rk2 is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 
FM is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 
is an explanatory view of an embodiment of an olefin polymerization step using the olefin polymerization cat- 

BEST MODE FOR CARRYING OI JT THE INVENTIO N 

The olefin polymerization catalyst (1) of the present ie/ention is produced from 

selectLTomarTo^ 1 ^"^^ represented general formula (I) below and at least one compound 
(B) 
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(B-1) oryanoaiunrrinum axy-compounds, 

(B-2) compounds which react wfth the above-mentioned transition metd 
and 

(B-3) organometalic ccmpouids. 

5 

Each of the components forming the olefin polymerization catalyst (1) wiO now be attained. 

tfl) Transition metal amide compound 

ro The transition metal amide compound (forming the olefin polymerization calayst (i) is provided from 

(A) a transition metal amide compound represented by general formula (Q below and at least one compound 

selected from among 

(B> 



16 



20 



30 



(B-1) organo&tuntinum axy-compounds, 

(B-2) compounds which react with the above-mentioned trareftjonm^ 
and 

(B-3) organometalic compounds. 

Each of the components forming the olefin polymerization catalyst (1) wiO now be explained. 

(A) Transition metal amid compomi 

The transition metal amide compound (A) forming the olefin polymerization catalyst (1) is a compound represented 
by the following general formula (I): 



R l — ^ — R 1 



M 1 

r R 3// ^R* 



(I) 



where M 1 represents a transition metal of Group 4 or Groups 8 to 10 of the Periodic Table, specifically titanium, zirco- 
nium, hafnium, ruthenium, cobalt rhodium, nickel mid palladium, and preferably titanium, zirconium, cobalt nickel and 
palatum. 

WhenM 1 is a transition metal of Groups 8 to 10 of the Periodic Table, a transition metal amide compound repre- 
sented by the following general formula (F) may be used together with a transition metal amide compound represented 
by general formula (0. or in place of a transition metal amide compound represented by general formula (f) above. 



55 
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is Also, accoiding to the invention a transition metal amide compound represented by the following general formula 
(I") may also be used together with a transition metal amide compound represented by general formula (I) and/or a tran- 
sition metal amide compound represented by general formula (I 1 ), or in place of a transition metal amide compound rep- 
resented by general formula (I) and a transition metal amide compound represented by general formula (I"). Transition 
metal amide compounds represented by general formula (1°) below have a structure wherein only one of the nitrogen 

20 atoms is coordinated with the metal. 

R 2 

N N R l 

R«^ 

M 1 



25 



30 



R3 R3 R 3 ...(!-) 



35 

A transition metal amide compound represented by the following general formula (I" 1 ) where the metal corresponds 
to a bivalent state may also be used together with or in place of the aforementioned transition metal amide compounds. 




In general formulas (I). (I), (I") and (I") above, each R 1 represents a hydrocarbon group of 1 to 15 carbon atoms 
and the R groups may be the same or different from each other. The hydrocarbon group of 1 to 15 carbon atoms sp* 
cificalry includes linear or branched alkyl groups such as methyl, ethyl, n-propyl and iso-propyl, cyctoalkyl groups such 
as cydohexyl. arylalkyl groups such as phenyimethyl. p-methylphenylmelhyl. 2-phenylethyl and 1-phenylethyl. aryl 
groups such as phenyl and naphthyl. and alkylarvte such as 2.frdimethylphenyl and 2,6-d-isc-propylphenyl. Among 
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these there are preferred groups with aromatic rings, such as aryialkyt group* aryt groups and afkytaryl groups. 
R 2 represents a divalent bonding group represented by genera! formula (a) or (b) below. 




VV 



R 5 



R 5 



(a) 



(b) 



where X 1 represents a silcoivcorrtaining divalerrt group, a germaniurrK»rrtaining divalent gnxp a tin-containing diva- r 
lent group, -0-, -CO-, -S-. -SO-, -SO2-, ^H^VS-CC* 32 ^- (where R 81 and R 32 are hydrogen atoms, the same or dif-* 
ferertt alkyl groups or are Inked together to form a ring of 3 to 30 carbon atoms, and p and q are 1 or 2), '-N(R^T- 
CCR^r-N-CCR 34 ),- (where R 33 and R 34 are hydrogen atoms, the same or (Efferent alkyl grotps or are linked together 
to form aringof3to30 carbon atoms, and r and s are 1 or 2), -PfR 5 )-, -PfOXR 5 )-. -^R 5 )- or -AlfR 5 )-. 

R 5 and R 6 may be the same or different and each represents a hydrocarbon group of 1 to 20 carbon atoms, a hal- 
ogenated hydrocarbon grotp of 1 to 20 carbon atoms, a hydrogen atom or a halogen atom, and when R 1 is a (substi- 
tuted) phenyl groip, at least one of the grotps represented by R 5 or R 6 is not a hydrogen atom, m is 1 or 2 , the multiple 
R 5 groups and R 6 groups each may be the same or different from one another, two or more of the grotps R 5 and R 6 
may be (inked to form a ring, and when m is 1 t R 6 is Gnked to its adjacent R 5 to form a mononuclear or porynudear aro- 
matic ring. In such cases, the portion of R 6 and R 5 preferably is a rfng^xxTtaining structure having a total of 3 to 30 car- 
bon atoms. Preferred among these are compounds where R 5 is a hydrogen atom or an alkyl group of 1 to 3 carbon 
atoms, and R 6 is a hydrocarbon gnxp having an aromatic ring, especially an arytaficyf group, an/ group or alkyfaryt 
groupi 

The divalent bonding group represented by general formula (a) stove includes: 

-CHjrCXPhh^C^-, 

^H r C<2,Wimemyl-Ph) 2 ^3H r , 
^H 2 <K2.6KlBsoi)ropyl-Ph} 2 ^H 2 - ( etc. 

The cfivalent bonding group represented by genera) formula (a) also includes the foBowing bonding groups: 

divalent boncfing grotps represented by the following general formula (a-1) wherein m is 1 and R 6 is a hydrogen 
atom in general formula (a) above; 




divalent boncfing groups represented by the following general formula (a-2) wherein m is 1 and R 6 is linked with 
both of its adjacent R 5 group to form a pdynudear aromatic ring in goieral formula (a) above; and 
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divalent bonding groups represented by the following general formula (a-3) wherein m is 2, R 6 is a hydrogen atom 
and both adjacent R 5 groups are inked to form an aliphatic ring in general formula (a) above. 




Here, each R 7 may be the same or different and represents a hydrocarbon group of 1 to 20 carbon atoms, a halo- 
genated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom or a halogen atom, and any R 7 groups may be 
(inked to form an aromatic ring or aliphatic ring. 

The spectre examples of cBvalent bonding groups represented by general formula (a-1) above include the following. 
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The specific examples of divalent bonding groups represented by general formula (a-2) include the following. 




Incidentally, Th" in these examples represents phenyl, 1-Pr represents isopropyt and 1-Bu" represents tertiary 
butyl. 

When X 1 in general formula (b) above is -0-, -CO-. -S-, -SO. -SOy or -NfR 5 )-, R 1 in toe aforementioned general 
formula (I), (P), (H cw (H is preferably a group having an aromatic ring, such as arytaikyt, aryi a aflcytaryl, and prefera- 
bly aryl or alkyiaryl. Examples of ary! groups include phenyl, naphthyl, indenyt and fluorenyl, and exarrples of aflylaryl 
groups include 2,6<fimethytphenyl 1 2,6-dnsoixopylphenyl and 3,5-dimethytphenyl. Among these there are preferred 
phenyl groups substituted at the 2.6- posfflon with an alkyl group of 1 to 4 carbon atoms. R 1 may also be appropriately 
selected from those mentioned above even when X 1 of general formula (b) is a group other than those mentioned 
above. 

Other exanpl96 of divalent bonofng groups represented by genera) formula (b) above delude the toSowing bonding 
flroups; 
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R s 



(b-1) 



(b-2) 



(b-3) 



,.'f f 



< 



Ao 

(b-4) 

r! 



R 8 





(b-5) 



XI. 



(b-6) 



(b-7) 



where R 8 has the same definition as R 7 . 

Additional specific examples of divalent bonding groups represented by general formula (b) include: 

•CHrSifCHaJrCHr. 

-CHj-SiCCHaXPhJ-CHa-, 

-OVSiCPhfe-CHg-. 

-C(CH,) 2 -a(Ph) 2 -C(CH3) r . 

-C>VSi(2 > ft<limethyl-Ph) r CH 8 -. 

•CH r SI(2.frd3teoprepyl-Ph) r CH r - 

Specifically, divalent bonding groups represented by general formula (b-3) above include the following: 
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R 3 represents a hycbocuibun group of 1 to 1 5 carbon atoms, a hydrogen atom or a halogen atom, and each of the 
R 3 groups may be the same or different The hydrocarbon groups of 1 to 1 5 carbon atoms include the same groups 
given for R 1 above. 

R 4 represents a hydrocarbon group of 1 to 15 carbon atoms, a hydrogen atom or a halogen d 
groups of 1 to 15 carbon atoms include the same groups given for R 1 abova 

Examples wfll now be given of transition metal amide compounds represented by the aforementioned general for- 
mulas (0. (0 and (I"). 
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Me Me 

\ / 

Si 

/ \ 

HzC CHz 

I I 
Ph-N N-Ph 

• • 

Ti 

/ \ 

a. ci- . 



Ph Ph 

\ / 

Si 

/ \ 

HjC CHz 
(Me)zPh-N N-Ph(Me) 2 

*Ti* 

/ \ 
CI CI 



Me Ph 

\ / 
Si 

/ \ 
HjC CHz 

I * I 
(Me)zPh-N N-Ph(Me) 2 

/ \ / \ 
H Hi H 

/ \ 
Br Br 



Me Me 

\ / 
Si 

/ \ 
HzC CHz 

I I 
(Me)zPh-N N-Ph(Me)z 

/ \ / \ 
Me Pd Me 

/ \ 
CL CI 



Me Me 

\ / 
C 

/ \ 
HzC CHz 

I I 
Ph-N N-Ph 

Ti 

/ \ 
CI CI 



Me Ph 

\ / 
C 

/ \ 
HzC CHz 

(i-Pr)zPh-N N-Ph(i-Pr)z 

\ / 
Ti 

/ \ 
CI CI 



Me Me 

\ / 
C 

/ \ 
HzC CHz * 

I I 
(i-Pr)zPh- N N -Ph(i-Pr)z 

/ \ / \ 
Me Mi Me 

/ \ 
Br Br 



Me Me 

\ / 
C 

/ \ 
HzC CHz 

(i-Pr)zPh-N N-Ph(i~Pr)z 

/ \ / \ 
Me Pd Me 

/ \ 
CL CI 
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Me 
I 

N 
/ \ 
HiC CHa 

I I 
Ph-N N-Ph 

\ / 
Ti 

/ \ 
CI CI 



Ph 
I 

N 

/ \ 
HjC CHa 

I I 
(HehPh-N N-Ph(Me)a 

Ti 

/ \ 
CI CI 



He 
I 

N 

/ .\ 
HaC CHj 

I I 
(He) a Ph-N N _Ph(He) a 

/ \ / \ 
Me Mi Me 

/ \ 
CI CI 



Me 
I 

N 

/ \ 
HaC CHa 

I I 
(Me)aPh-N N-Ph(Me)a 
/ \ s \ 
Me *Pd Me 

/ \ 
CI CI 



Me CHa Me 

\ / \ / 
HC CH 

I i 
(Me)aPh-N N-Ph(He) a 

\ / 
. Ti 

/ \ 
CI CI 



Me CHa Me 

\ / \ / 
HC CH 

(i-Pr)aPh-N N-Pb(i-Pr)a 

Ti 

/ \ 
CI Ci 



Me CHa Me 

\ / \ / 
HC CH 

(i-Pr)aPh-N N-Ph(i-Pr)a 

/ \ / \ 
H Ni Me 

/ \ 
Br Br 



Me CHa 1-Pr 

\ / \ / 
HC CH 

(He)aPh-N N-Ph(Me)a 

/ \ / \ 
Me Pd Me 

/ \ 
CI CI 
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Pb CHa Ph 

\ / \ / 

HC CH 

I I 
(Me)aPh-N N-Ph(Me) a 

\ / 
Ti 

/ \ 
CI CI 



Ph CHa Me 

\ / \ / 
HC CH 

I I 
(l-Pr)aPh-N N-Ph(i-Pr)a 

** •* 

Tl 

/ \ 
CI CI 



Ph CHa Ph 

\ / \ / 
HC CH 

I * I • • 
(Me)aPh-N N-Ph(Me)* 

/ \ / \ 
Me Mi Me 

/ \ 
Br Br 



Ph CHa Ph 

\ / \ / 
HC CH 

I I 
(He) 2 Ph-N N-Ph(Me)a 

/ \ / \ 
Me Pd Me 

/ \ 
CI CI 



CHa 

/ \ 
KaC CHa 

I I 
t-Bu-N N -t-3u 

Ti 

/ \ 
CI CI 



CHa 

/ \ 
HaC CHa 

I I 
(Me)aPh-N N-t-3u 

% Ti' 

/ \ 
CI CI 



CHa 

/ \ 
HaC CHa 

I I 
t-Bu-N N -t-Bu 

/ \ / \ 
Ms Hi Ms 

/ \ 

Br Br 



CHa 

/ \ 
HaC CHa 

t-Bu-N N-t-Bu 

/ X N „ 
H Pd H 

/ \ 
CI CI 
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10 




Ph-N 



N-Ph 



Ti 

/ \ 
CI CI 




(Me)xPh- N 



N-Ph(He) a 



Ti 

/ \ 
CI CI 
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(Me)aPh-N . N-Ph(Me) 2 

/ \ X u 

Me Ni Me 

Br Br 



Pb-N N-Ph 

/ X 
Me Pd Me 

/ \ 
CI CI 



30 




Ph-N 



N-Ph 



TI 

CI CI 




(Me) 2 Ph- N 



N-Ph(Me) a 



Ti 

ci / N ci 




Ph-N N-Ph 

/ \ / \ 
Me Ni Me 

/ \ 
Br Br 




Ph-N^ N-Ph 
Me / W Me 

z\ X ci 



50 



Incidentally, Ma In these examples represents methyl, Ph represents phenyl, PhfMefe represents 2.&<f metftylphe- 
nyl, Phfi-Prfc represents 2.6-dNsopropy^henyl and t-Bu represents tertiary butyl, respectively. The positions of afcyl 
55 sdgftutionontrwpher^ 

These transition metal amide compounds (A) may be obtained in the following manner, by reaction between a tri- 
metfylsflylated (famine and titanium tetrachloride as shown, for example, in Macromotecules 1998. a 52415243. 
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2 R V 

, xylene/ reflux / \ , 

R x -N N— R 1 + TiCl« R l — N N— R 1 

| | -2ClSiMe 3 \ / 

SiMe 3 SiMe 3 *Ti 

cr ci 

R 3 



2R 3 MgCl (Br) 



Ti 
R* \ 5 



Tnay may also be obtained in the following, manner, by treatment of the amino group proton with a base followed 
by reaction with a metal compound. 

R a R 2 
R 1 -^ ^N— R 1 + R*Y X R 1 -^ ^N— R 1 

H H Y 1 Y 1 

R 2 

MX4 . / X. 



Rl— N x N— R 1 

X 

X X 



where Y 1 represents an alkai metal such as lithium, sodium or potassum, and R 3 represents a hydrogen atom or a 
hydrocarbon group of 1 to 5 carbon atoms. 

The reaction solvent indudes an ether such as diethyl ether, tetrarrycfrofuran or dkaane, an aromatic hydrocarbon 
such as benzene, toluene or mesitylene and an aliphatic hydrocarbon such as pentane. hexane or heptane. Among 
these, diethyl ether, tetrahydrotUraa toluene and hexane are preferred. 

QB=13 amoatamlafln gaoaamgaad 

The organoahflnruim cxy-compound (B-1) corrpostng the olefin porymerization cataryst (1) may be the corTverttion- 
afly known compound afurrinoxane, or it may be an organoatumfnum oxy-compound which is insoluble in benzene, 
such as one d those mentioned in Ja^ 

The ccwentionaly known alurrinoocane can be produced by one of the foOowing methods, for example, and is nor- 
mally obtained as a solution in a hydrocarbon solvent: 

(1) A method whereby an orgarw^ 

suspension of a compound containing absorbed waler or a salt combining water of crystallization, such as magne- 
sium chloride hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate or cerium (I) chkxide 
hydrate, to react the absorbed water or water of crystallization with the crgancahjminum compound; 

(2) A method whereby water, ice or steam is allowed to act cSrecfly on an organoaturrinum conpound such as tri- 
akytalumfnum in a medium such as benzene, toluene, etfiyi ether or tetrahydrofuran ; and 

(3) A method whereby an organotin oxide conpound such as dimetfiyftin oxide or caxityrtin oxide is reacted wflh an 



20 



EP0883454A1 

organoalummum conpound 8uch 86 trialkytaJuminum In a meolum such as decane, benzene or toluene. 

The aluminaxane may also contain ^ 
vent or the unreacted organoaluminum compound from the recovered alumnoxane solution, it may be recfissotved in 
the solvent. 

The specific examples of crganoakmnum corrpounds to be used for preparation of the alurnnoxane include the 
same organoaluminum compounds given as organoaluminum compounds of (B-3a) below. 

Among these there are preferred trialcytaiirninum and tricydoalkylaiuminum, and especially trimethytaluminum 

These organoaiiffTwnin compounds may be used either singly or in combinations of 2 a more. 

Solvents to be used for preparation of the aluminaxane include, for example, aromatic hydrocaibons such as ben- 
zene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons such as pentane, hsxane, heptane, octane, 
decane, dodecane, hexadecane and octadecane; aficycGc hydr ocar bons such as cydoperrtane, cydoheocane, cydooc- 
tane and methyicyctopeniane; petroleum fractions such as gasoline, kerosene and Qght oil; and ofrer hydrocarbon sol- 
vents inducing the above-mentioned aromatic hydrocarbons, aliphatic hydr ocar b ons and aficydic hydrocaibons in 
halogenated (chlorinated, brominated, etc) form. Ethers such as ethyl after and tetrahydrofuran may also be used. 
Particuterty preferred among these solvents are aromatic hydrocarbons and aliphatic hydrocarbons. 

The benzene-insoluble organoalumkTum axy-compound used accocdrg to the invention has an AJ component sol- 
ubiity in 60 ^benzene of 10% or less, preferably » 
Is therefore insohtfe or barely soluble In benzene. 

These organoaluminum oxy-compounds (B-1) are usually commercially available as, or handed as. toluene sdu- 
none. 

(B-2) Compound which reacts with transition metal amttfe compound ( Al to farm ion pair 

The compound (B-2) which reacts with the transition metal amide conpound (A) of the olefin polymerization cata- 
lyst (1) to form an ion pair (hereunder sometimes referred to as Ionizing tonic conpound") includes the Lewis acids, 
tonic compounds, borane compounds and carborane compounds described In Japanese Patent PubBcation Nos. 
501960/89 and 502036/89. Japanese Lakkpen Patent Publication Nor 179005/91. 179006/91, 207703/91 and 
207704/91 . and USP-5321 106. 

As specific Lewis adds there may be mentioned compounds represented by BR 3 (where R is fluorine or a phenyl 
group which may have a subetituent such as fluorine, methyl or triftuoromethyl), examples of which include trifluorobo- 
ron, triphenyboron, tris(4-fluorophenyl)boron, tris(3,5<lffluoropheny1)boron < tris(*f!uofometi^ tris<peiv 
tafluorophenyQboron, trts(p-tolyf)boron. trts(o-toly1)boron and tris(3,5^imethy(phenyl}boron. 

As ionic compounds there may be mentioned the conpounds represented by general formula (V) below. 



R 30© R 3l_ R 33 
I 

* 34 ^. (V) 



As R 30 in the formula there may be mentioned H*. carbonium cation, axonlum cation, ammonium cation, phosphonitim 
cation, cydoheptyttiienyl eaten and transition metal-containing ferroceruum cation. 

R 31 to R 34 may be the same or different and each is an organic group, preferably an aryl group or substituted aryl 
groupL 

As specific examples of carbonium cations there may be mentioned trisubsftuted carbonium cations such as 
triphenytearbonium cation, tri(methythenyf)carbonium cation and tri(o1metfiylpheny1)cartxxvum cation. 

As specific examples of ammonium cati on s ftere may be mentioned triafcylarTDTionium cations such as trimethyl- 
ammonium cation, triethyiammonium cation, tripropykmmonium cation, trflxrtytammonium cation and trf(n- 
butyOammonium cation; N.N-(£aIkylanlnium cations such as N.N<imethytan$nium cation, N,N<Dethytani!inhim cation 
and N,N-2A6i>entam€thylanainium cation; and cBalkyfammonium cations such as cGOsopropyOaimioncum cation and 
dicydohexyiammcniun cation. 

As specific examples of phosphontom cations fare may be mentioned 
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triphenyfphosphorium cation, 
tri(ni€thy(phenyf}phosphonbjrn cation and 
tri(dlrn8thy^pheryi)pho6phoniurn cation. 

Preferred as R 30 are carbon! iro cations and ammonium cations, and espedaly triphenyfcartortum cation, N,N- 
dlmethylanifraum cation and N.N-dethylaninium cation. 

As ionic compounds there may be mentioned trialkyt substituted ammonium sate, N.hkfialkytanairaum salts, 
cnalkylammorium salts and triarylphosphonium salts. 

As specific examples of triaJkyl substituted ammonium salts there may be mentioned triethyfammonium tetra(phe- 
nyQboron. triprc^ammonium tetra(phenyf)boron, tri(n*utyf)ammonium tetrafohenyQboron, trtrnethytenmonium 
tetraftHnlyOboron, trlmethytammonium tetra(o-toly1)boron, tri(n-btrtyl)arrenonkim tetmftsentafluorophenyQboron, tifero- 
pytammonium te^oj><lmethy^enyi)boron, tri(n-butyl)ammonium tetra(m,m<timeW^ tri(n- 
butyl)ammonium tetra(p-tr«uoromet^^ trKn^utyQammonhmi tstra(3^itnfluoronethytph and 

tri(n4xrtyi)ammoniijm tsfra(<rtalyl)bofon. 

As specific examples of N,N<fia!kyfanilinium salts there may be mentioned N,N^imethytanilinium tetra(phe- 
nyQboron. N.N^lethylanflnium tetra(phwty1)boron and N,N-2,4,6i>entamethytanairtum tetra(phenyf)boron. 

As specific examples of tfalkytammonium salts there may be mentioned cE(1-propyQammonium tetra(pentafluor- 
ophenyf)boron and dk^ctohaxyiammonium tetra(pheny1)boron. 

As additional ionic oonpounds there may be mentioned tnphenytearten^m tetraWs{psntafluofophenyl) borate, 
N,hWim8thy(anirrttun tehalds(penta fl uoro ph enyt) borate, tenocerrium tetra(pentafluorophenyO borate, triphenyfcarbe- 
nium pentaphenyk^dcpentaefienyl complex. N.N-diethytartlmiun pentaphenylcyctopentafienyl complex, and boron 
compounds represented by the Mowing formulas (VI) and (VII). 




...(VI) 



where Et represents ethyl. 




• . . (VII) 



As specific examples ofbomne co m po u nds there may be mentioned 
decaborane(H); 

sails of anio ns such as b^r>^utyl)ammonlum] nonaborate. Wspri(rHbutyf)ammoniur^ decaborate. bispri(rv 
butyQan^^ bisflri(n^utyOammonium] dodecaborate, b^(n-butyOammoniunfl decachforo- 

decaborate and bisflri(n4xrtyQ ammorttu m) do d eca c hl orodo de cab or ate; and 

safts of metaJ borane anions such as tri(n-buty1)ammonium bis(dodecahytiride dodecaborate) cobaftate (III) and 
b^tri(r>tutyi)ammonium] bis(dod9cahydride dodecaborate) nickelate (HQ. 
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As specific examples of cartxxane conrpounds there may be mentioned safts erf anions such as 4-carbanonabo- 
rane (14), l^dcarbanonabonro (13), ftfr tf ca ib a d ecafaomne (14), dodecahydride-1-phenyK 
ckxtecahydrkie-1wne^ undecahydride-1 ,3<flmethyi-1 ,3KfK^rbanonatxirane, 7,8-dicaibairh 

decaborane (13), 27-dicafbau n decabofBne (13), undecahydride-7,8^rrie^ dodecahy- 
dride-11 -methyl J<lca^ trKn4xrtyl)ammonium 1<arbadecaborate, tri(rvbutyOammonium 1- 

cartjaundecaboratB, ti1(n-buty0ammoniijni 1-carbadodecaborate, tri(n-buty1)ammortum 1 -trtmettiytslyM -carbadecab- 
orate, tr^rvlXityOammonium bromo-1<art)adod8caborat^ tri(n-butyOamnx>nium 6-cart>adecaborat8 (14), tri(r> 
butyOammonium 6-carbadecaborate (12), trKn^utyQammonium 7<arbaundecaborate (13), tri(rv4xityi)ammoniuii 7,8- 
ofcartHundecaborate (12), tri(n-butyl)ammonium &94tarbaundecaborate (12), trKn-butyQafTYnonium dodecahydrtde- 
8^nie%l*7,&<icaibund6caboret0. tri(n-*xjtyf)ammcmni uno^cahyoftJe-8-*!hy^ tri(r> 
butyQammonium und«»hydria^4xjt^ tri(rvbutyf)aiTwnonium undecahydride-e-elryt-7,9- 

cftafbaundecaborate, trKn^utyOanmxmim urcfeoihydricte^ and tri(n- 

butyQammonium undecaJiydride4.&tf^^ and 

salts of metal caitoorane anions such as trf (n^utyQammonlum bis(nonahydride-1 ,3-<ficarbanonaborate) cobal- 
tate (HQ. tri(rHxjtyQa]nnmnum Ks(undecahydride-7,8^ ferrate (III), trKr>4xityQammoniuni 

b^undecahydride-7,8Kficartjaunde^ cobaftate (III), tri(n4xityf)ammonium b«(undecahydride-7,a<ficaibaun- 
decabomte) nicketete (III), tri(n4iityqammonIum bis(und6cattydrkle-7,8^carba^ cuprate (III), tri(n- 

butyf)amrnonium bis(undecahydrid»7,SKficart»un de c a b^ aurata (HQ. tri(n-butyl)ammorium b^nonahy*ide-7,8- 
<toethyl-7 t &<to rt )au n decabOfate) ferrate (III), trKn4xityf)ammonium b^rx>nahyt4ride-7,8<fi^^ 
caborate) chromate (III). tf(ivbutyf)ammonium bis(tr^omooc ta hy drt ^ cobaftate (III), 

trislffln^^ bi6<undecahydride~7H^^ chromate (III). b^n4xrtyf)ammoniumJ 

b^urrlecahyaY«e-7<art^ manganate (IV). bis{^r>4xity0ammonkjiT^ 

caborate) cobaftate (III) and b^(n^xjtyOammorium] b^unrtxshydrlde-7^^^ nickelate (IV). 

These ionizing ionic compounds may be used singly or in combinations of 2 or more. 

fB-31 OroanometalBc compound 

The oryanometalBc compounds (B-3) In the defri potyrnerization catalyst (1) Inciude the following specific organo- 
metallic compounds of Groups 1. 2, 12 and 13 of the Periodic Table. 

(B-3a) OrganoaJuminum compounds represented by: 



R* m Al(OR b ) n Hp Xq 



where R* and may be the same or different from each other and each represents a hydrocarbon group of 1 to 
15. preferably 1 to 4 carbon atoms, X represents a hatogen atom, made 
qby0sq<3, and m + n + p+q-3. 

(B-3b) Alkylated complexes of a group 1 metal and aluminum, represented by: 



M* AlR a 4 

where M 4 represents U, Na or K, and R* represents a hydrocarbon group of 1 to 15, preferably 1 to 4 carbon atoms. 
(B-3c) Dialkytated group 2 or group 12 metal compounds represented by. 



R a R* M 5 
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where R* and may be the 6ame or cffferent from each other and each represents a hydrocarbon group of 1 to 
15, preferably 1 to 4 carbon atoms, and M 5 represents Mg, Zn or Cd. 

The foOowing compounds are examples of organoakjninum compounds defined by (B-3a) above: 
organ oaJuminum compounds represented by 



R*ta Al(OR b )3-« 



where R* and R* may be the same or dfferent from each other and each represents a hydrocarbon groip of 1 to 
15, preferably 1 to 4 carbon atoms, and m preferably satisfies 1.5*rrt£3; 
crganoaiuminum compounds represented by 



where R* represents a hydrocarbon group of 1 to 1 5, preferably 1 to 4 carbon atoms, X represents a halogen atom, 
m preferably satisfies 0<m<S; 
organoakiminum compounds represented by: 



RS AlH 3 ^a 



where R* represents a hydrocarbon group of 1 to 15, preferably 1 to 4 carbon atoms, and m preferably satisfies 
2snw3; 

organic aluminum compounds represented by: 



R* m Al<OR*>) n Xq 



where R* and & m$y be the same or different from each other from each 

group of 1 to 15, preferably 1 to 4 carbon atoms. X represents a halogen atom, mte defined 

qby 0£j<3, and m + n+q»3. 

The specific examples of organoahmnum corrpcunds defined by (B-3a) include: 

tri rhalkytaluminums such as trimethylalumkum, triethytaUfrtnurri, tri rvbur/taiuminum, trjpropytalumirtjm trip^ty- 
laiuminum, trihexytalumrom, trioctytaluminum and tridecytaiuminurn; 

tri branched alkytalurrdnums such as trisopropytatunroruim, tolsobutytalurrinurn, tri sec-butytaJuninum, tri tert-buty- 
taluronum, tri 2-methytxityiakiminum, tri sWhyfbutyfaturrtfnum, tri 2^effiyfpentytetorrinum, tri 3-methytp9ityla- 
kminum, tri 4nrnefnrtpentyfalurrtinunri l tri 2-^rtethylheKyfelurrBnum, tri 3^rtetfiyihaxyta!unwTum and tri 2- 
ethylhexyfaluminum; 

tricycloalcyialuntinums such as tricydohexytetuntiraim and tricydooctylalummurn; 
triarylaluminums such as triphenylaluminurn and trttoryiaiurrinum; 

diaDcylatuminum hydrides such as <fisobutyla!urninum hydride and cffisobutytafumirtum hydride; 
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afkBnylalurroiums such as isoprenylalurTwtum represented by (i-C4H 9 ) x Al y (C5H 10 ) 2 (where x. y and z are positive 
integers and z22x); 

alkytahxminum ataodes such as isobutyteduminum methoxida isobutytaluminum ethoxide and isobutytatuminum 
jsoprop oxi doi 

cfialkylaiumirwii atoddes such as dimethytaluirinum methoodde, defrytaluminum ethoxide and dbutytatuminum 
butoodde; 

alkytefumnum sesquialtoddes such as ethylaluminum sesquiethoodde and butylaluminum sesqutoutaxkie; 
partially ataxytated afkytaluminums with average composition represented by R*2.s AlfOR^; 
alkytaluminum aryksddes such as diethytaluminum phenorida cfiethytaJunrinum (2,6Kfrt-butyl^methylphenoodde). 
ethytaluminum bis(2,6<i-ttx^^methytp^ diisobutytatummum p,6<f-t-^^methy^henoxide) and 

isobutylaluminum bfe(a6^-butyt-4-fT^^ ; 

dialkytaluminum hafdes such as <* methytakm num chloride, <fiethytaluminum chloride, dbutytahminum chloride, 
diethytaluminum bromide and dHsobutytaluminum chloride; 

partially hakxjenated akytaturinums such as aJkylaluminum sesquihalkjea ag.. ethytaluminurn sesqufchlorkte, 

butyWuninum sesquichJoride, ethylafunvnum sesqiubrorrade; and alkytaluminum cfttalides. ag., ethytaluminum 

dichkyide, propytalumlnum dichJoride, butylaluminum dibromide; and 

dialkyiahominum hydrides such as diethyialuminum hydride and cSxrtylaJuminum hydride; 

other partially hydrogenated alkytaiuminuma such as alkylaluminum cfihydrides, ag., ethytaluminum cfihydride and 

propytalurrtnum cfihydrkte; and 

partially aikoxyteted and hafogenated afcytaluminums 6uch as ethytaluminum ethoxychlorida butylaluminum butax- 
ycNoride and ethytahjrrinum ethcxxybrontida 

Analogues to (B-3a) may also be used, for example aganoatuminum compounds wherein 2 or more aluminum 
compounds are bonded through nitrogen atoms. As a specific axarrpte of such a corrpound there may be mentioned: 

(CgHsfe AINCCgHsJAICC^. 
As compounds defined by (B-8b) abwe there may be mentioned: 

UAIfCaHsU 

UAI(CtH 1s )4. etc. 

Other compounds which may be used as the organometaific corrpound (B-3) include methylithium, ethytlithium, 
prqpyilrWum, butyffithium, methyfcnagnesium bromide, methytmagnesium chtorfde, ethytmagnesium bromide, ethyl- 
magnesium chloride, prop yfcnagne sium bromide, propyl magnesium chloride, butybnagnesium bromide, butytmagne- 
sium chloride, dmethylmagnesium, diethytmagnesium, dibutytmagnesium and butylethykragnesium. 

Compounds which form the aforementioned organoaluminum compounds in polymerization systems, such as 
combinations of haJogenated aluminum and alkyQffliium, or combinations of halogenated aluminum and afcytmagne- 
siurn, may also be used. P r eferred among these are organoaluminum compounds singly used. 

Preferred organoaluminum compounds (B-3} In the olefin polymerization catalyst (1) may be represented, for 
example, by the following general formula (VIII). 



R* n AlX 3 - n (VIII) 



where R* represents a hydrocarbon grotp of 1 to 12 carbon atoms, X represents a halogen atom or hydrogen atom, 
and n is 1 to 3. 

m formula (VIII) above, R* is a hydrocarbon group of 1 to 12 carbon atoms, such as an afcyl, cyctoalkyl or aryl 
groip, and Include specific group such as methyl, ethyl, n-propyl, teopropyl. isobutyf, pentyl, hexyl, octyt. cyciopentyl, 
cydohexyl, phenyl and tolyL 

The following compounds may be mentioned as specie exarrples of such organoaluminiim compounds: 

trialkylaJuminums 6uch as trimetiiytaluminum, triethyialuminum, triisopropylaluminum, tnlsobutyiatuminurn, triocty- 
talumhmi and tri 2-ethyihexylaluminum; 
alkenyf aluminums such as feoprenytatuminum; 

dialkyialuminum hafides such as dimethyl urrinum chloride, diethytaiunxnum chlorida dnsopropylalummum chlo- 
ride, cfireobutylakjninum chloride and cfimethyteluminum bromide; 

alkytaluminum sesquihaSdes such as metiiytatuminum sesqufcHorida ethylafuminun sesquichlorida isopropyialu- 

minum sesquicWorida butylafurranum sesqirichioride and ethytaluminum sesqufcromide; 

alkytaluminum cGhalides such as methytaJuminum dwhlorida ethytaluminum cfichlorida isopropytalurmurn dchto- 
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ride and ethylaluminum dforomide; and 

alcytaluminum hydrides such as dtetfiyfaluminum hydride and cfisobutytalumlnum hydride. 

Compounds represented by the following formula (DQ may be used as preferred organoalumtnum compound s . 



R«h AlY 3 .n (IX) 



where R* is as defmed previously, Y represents an OR 6 group, 

-OSJR° 8 group, -OAlfl^ group, NR* 2 group, -Si^ groiip or -NfR^AIR^ group, n te 1 to 2, Rp, R°, R d and R* 1 represent 
methyl, ethyl, isopropyi. isobutyl. cydohexyl, phenyl etc., R° represents hydrogen, methyl, ethyl, isopropyl, phenyl, tri- 
methylsilyi, etc., and R* and R9 represent methyl, ethyl, etc. 

The following compounds may be mentioned as specific examples of such organoalurninum compounds 

(i) Compounds represented by R* n AKOR* 3 )^, for example dimethytalumirtum methodde, cfiethylaluirinum ethox- 

ide, diisobutybUurninum methoodde, etc 

(fi) Compounds represented by R* n AI(OSi R 0 ^^ for example 

(CaHshAKOSifCHsh}, 
(iso^^AKOSItCHaJa), 

(iso^Hgfe AlfOSKCeHghK etc. 

(il) Compounds represented by R* n Al(OAJR d 2 }^ ( for example 

(C^AKOAKCgHsfe). 

(isoC^s ^(OAlOso-C^)^, etc. 

(Jv) Compounds represented by R a n AI(NR e 2 )3. n , for example 

(CHafeAKNtCaHdz), 

(QzHshAKNHCCHs)). 

(CHafcAKNHfCgHs)), 

(C 2 H 5 ) 2 AIIN(Si(CH 3 )3)2l, 

(ts&C 4 H9) 2 AlINCSifCHahy , etc. 

(v) Compounds represented by R* n AI^R 1 ^, for example 

(iso^4H9) 2 AI(SKCH3)3), etc. 

According to the present invention, oiganoaluminum compounds represented by R* 3 AJ, R* n AI(OR b ) 3 . n and R* n 
AI(OAIR d 2 ) 3fl are preferred among these examples, and particularly preferred are c om p oun ds wherein R* is isoalkyi 
and n«2. These crganoaiuminum compounds may be used singly or in combinations of 2 or mora 

The olefin polymerization catalyst (1) of the Invention is produced from one of the aforementioned transition metal 
amide compounds (A) and at least one compound selected from among organoafuminurn oxy-compounds (B-1), ioniz- 
ing ionic compounds (B-2) and organometaflic compounds (B-3) . Among these frtere are prefened cataiysts comprising 
a transition metal amide compound (A) and an organoaJuminum oxy-compound (B-1) andfor an ionizing ionic com- 
pound (B-2), and optionally an organoaiuminurn compound (B-3). 

Fig. 1 shorn an embodiment of an olefin potyroertzafion step using an olefin polymerization catalyst (1). 

The process for producing the olefin polymer d the invention includes hornopofymerizatkxi of an olefin, or copdy- 
merizatjon of 2 or more o-defins, or further copoJymerization of 2 or more a-defins with a potyene-based monomer, 
each in tfie presence of the olefin polymerization catalyst (1). 

Examples of otefinsto be used i n U w production process for olefin polymers using the olefin pufyrneiuafiort catalyst- - 
(1) include- 

linear or branched a-defins of 2 to 20 carbon atoms, such as efrytene, propylene, 1-butene, 1-pentene, 1-hexene, 
4-methyM-pentene, 3-methyM-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1- 
tetradecene, 1 -hexadecene and 1-octadecene; and 

a-defins of 3 to 20 carbon atoms having an aficyefic or aromatic ring, such as cydoperrtene, cydoheptene, nor- 
bomene, S-methyW-nortwrrone, tetracydododecene, 2-meaiyl-1 A5,8<Gmefrano-1 ^ l 3,4,4aA8,8aK)ctahydro- 
naphthalene, styrene and vinytcydohexana 



Typical defins which may be used in the production process for derm pcfymens using me olefin polymerization cat- 
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afyst (1} include the polar monomers listed beta*, and typical olefin polymers include polymers of one or more of these 
and copolymers of the foCowrng polar monomers with the above-mentioned a-defins. 
The polar monomers include 

a, p-unsaturated carbcxytfc acids such as acrylic add. methacryiic add, fumaric acid, maleic anhydride, ftaconic 
acid, rtacoric anhydride. bicyclo^1}^eptene^>djcarbOD^ acid and their a. ^-unsaturated caitoocyfc acid 
metal sate of sodium, potassium, lithium, zinc magnesium, calcium, etc.; 

a, p-unsaturated carboxyfic acid esters such as methyl acrytate, ethyl acrytate, n-prapyt acrytate. isopropyl acrytate, 
n-butyi acrytate, isobutyl acrytate, t-butyl acrytate, 2-ethythexyt acrytate, methyl methacrytate, ethyl methacrytate, 
n-propyt methacrytate, isopropyl methacrytate, n-butyt methacrytate, isobutyl methacrytate, etc, 
unsaturated dkarboocyiic adds and thdr anhydrides, such as maleic add, ftaconic acid, maleic anhydride, etc.; 
vinyl esters such as vinyl acetate, vinyl propionate, vinyl caproate, vmyl caprate. vinyl laurate, vinyl stearate, vinyl 
trftuoroacetate, ale; 
and 

unsaturated gtycidyt group-containing monomer s such as gtycidyt acrytate, gtycidyi methacrytate, monogtycidyl rta- 

These polar monomers may be used singly, a they may be used in combinations of 2 or more. 

The proportion of the a-oJefin among the total monomers for coporymerizatton of the polar monomer and a-deffn 
is preferably 0.5 to 995 % by mde, and more preferably 1 to 99% by mote. 

The olefin polymer obtained by the process for producing olefin polymers using the olefin polymerization catalyst 
(1) includes polyethylene, polypropylene, polybutene, pdy(4-methyl-pentene-1), pdyhexene, polyoctene, ethytenafcro- 
pytene copolymer, ethyleno/butene copolymer, ethytenertiexene copolymer, ethytoe/4-metiiy»- 1 -pentene copolymer 
and propytenefeutene copolymer, as wei as definfeolar monomer copolymers, specif icafy inducting a-defin/acryfic 
add copolymer. oolefTrvYnethyl acrytate copolymer, a-otefirVethyl acrytate copolymer, a-defirvTsopropyl acrytate copol- 
ymer, a-olefiVn-butyt acrytate copolymer, a-defin/isobutyi acrytate copolymer, c^def irV2-effiyfhexyl acrytate copoly- 
mer, ototefirvYnsthacryflc add copolymer, a-defin/methyt methacrytate copolymer, ct-olefirvethyl methacrytate 
copolymer, a-def irvtsopropyl methacrytate copolymer, a-deftn/h-butyt methacrytate copolymer, a-defin/isobutyl meth- 
acrytate copolymer, a-def 'n/2-ethytiexyt methacrytate oopdymer, a-definMnyl acetate copolymer, a-deflrvvinyt propi- 
onate copolymer, a-defirVethyl acrytatertnaleic anhydride copolymer, a-olef in/ethyl acrytate/g^yddyl methacrytate 
copolymer, a-definMnyl aceiate/glyadyf methacrytate copolymer and o-otefivlBlyddyl methacrytate copolymer. 

These oc-defins may also be oopdyrnerized with polyene-based monomers such as butadiene, isoprene, 1 ,4-hex- 
aciene, dicydopentadene and 5-emyfldene-2-norbomena 

Among these are preferred ethylene, propylene, 1-butena, 1-hexene, 1-octene and combinations thered, particu- 
larly in romopolymerizatoi of efrylene and cepdymerization d ethylene and a-defins of 3 or more carbon atoms. 

The deOn;(OT}polymertzation using the del in polymerization catalyst (1 ) is preferably carried out in an Inert hydro- 
carbon sotv&it, and specific examples of such inert hydrocaibon solvents include emphatic hydrocarbons such aspro- 
pane. butane, perrtane, haxane, heptane, octane, decane, dodecane and kerosene, aficydc hydrocarbons such ar 
cydopentana, cyctohexane and rrtethytcyctapentana, aromatic hydrocarbons such as benzene, toluene and xylene as 
wefl as mixtures thereof. whUe the defin ftsetf may dsb be usecfas the solvent. Among these are preferred aliphatic 
hydrocarbons, aticyefic hydrocarbons and the deMn itself. 

For (cojpotymertzation of the defin, the transition metal amide compound (A) is usually used at about 0.00005 to 
0. 1 mfflknde. and preferably about 0.0001 to 0.05 rraflimole per Titer of polymerization vdume, in terms of the transition 
metal atom. 

The organoatuminurn axy-corrpound (B-1) is normaly used in an amount of about 1 to 1 0.000 moles, and prefer- 
ably 10 to 5,000 mdes of aluminum atoms to one mole of the transition metal atoms in the transition metal amide com- 
pound (A). 

Also, the ionizing ionic compound (B-2) is normally used in an amount d about 0.5 to 20 moles, and preferably 1 
to 10 mdes d boron atoms to one mde of the transition metal atoms in the transition metal amide compound (A). 

Moreover, the aganoatumtoum compound (B-3) is optionaly used in an amount of, usually, about 0 to 200 mdes, 
and preferably about 0 to 100 mote to one mde of aluminum atoms in the organoalumrum oocy-compound (B-1). ft 
may optioanfty be u*ed in an amount of, usualy, 0 to 1 000 mdes, and preferabry about 0 to 500 motes, to one mde of 
boron atoms in the ionizing ionic compound (B-2). 

For production d an defrrvbasedporymer, suchasa the cat- 

alyst-forming transition metal amide compound (A), organoalurranum OKy-compound (B-1) and/or ionizing ionic com- 
pound (B-2) , along wrth the organoafurrinum compound (B-3), may be separately supplied to a polymerization reactor, 
or afiematively the transition metal amide compound (A), organoatuminurn oocy-corrpound (B-1) and/or ionizing ionic 
compound (B-2) , and optioanlly the organoatumi num corrpound (B-3) may be mixed beforehand outside of the pdym- 
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erization reactor to prepare the catalyst by contacting the components for a predetermined time according to necessity, 
and then supplied to the polymerization reactor. 

The transition metal amide compound (A), organoaluminum oxy-compound (B-1) and/or ionizing ionic compound 
(B-2) and organoaluminum compound (B-3) are mixed and contacted at, usually, -100 to 200 °C, and preferably at -70 
to 1 00 °C. A hydrocarbon medium which is inert to the reaction of the catalyst components may be used for preparation 
of the catalyst, and such inert hydrocarbon mediums include those inert hydrocarbon mediums commonly used for 
polymerization. 

The polymerization temperature is usually -60 to 250 °C, among which the preferred ranges are 80 to 250 °C, more 
preferably 100 to 220 °C, and especially 120 to 200 °C. 

When the polymerization temperature is set to 80 °C or higher, heat removal is easier and the heat removal appa- 
ratus can be downsized. Productivity can also be improved with a non-downsized heat removal apparatus. Even if the 
polymer concentration is increased for polymerization at high temperature, since the solution viscosity does not 
increase too much and the agitation force may therefore be reduced, productivity can thereby be improved 

According to the invention, the polymerization pressure is in the range from atmospheric pressure to 100 kg/cm 2 , 
preferably from atmospheric pressure to 50 kg/cm 2 , and more preferably from atmospheric pressure to 30 kg/cm 2 . The 
residence time (polymerization time) is usually 0. 1 to 4 hours, and preferably 0.2 to 2 hours. 

The polymerization may be accomplished by any method such as a batch-wise process, semi-continuous process 
or continuous process. Preferred is a continuous process. The polymerization may also be divided into 2 steps, each of 
which has a different reaction condition. 

The molecular weight of the olefin polymer may be adjusted by altering the polymerization conditions such as the 
polymerization temperature, etc., and it may also be adjusted by controlling the amount of hydrogen (molecular weight 
adjuster) used. 

The product obtained immediately after polymerization is recovered from the polymerization solution and dried 
according to conventionally known separation and recovery methods, to obtain the olefin polymer. 

Olefin polymers, for example ethylene-based polymers obtained in this manner include polymers having an ethyl- 
ene/a-olefin compositional ratio in the range of usually 55/45 to 98/2, and preferably 60/40 to 95/5, a melt flow rate 
(MFR) in the range of usually 0.01 to 200 g/10 minutes, and preferably 0.03 to 100 g/10 minutes, and a density in the 
range of usually 0.85 to 0.95 g/cm 3 , and preferably 0.86 to 0.94 g/cm 3 . 

According to the invention, the olefin is (co)polymerized in the presence of the above-mentioned olefin polymeriza- 
tion catalyst (1), and therefore olefin polymers, particularly ethylene (co)pdymers, of high molecular weight are 
obtained, among which ethylene copolymers with high comonomer contents are obtained. Ethylene copolymers With 
high comonomer contents can also be obtained even when the comonomer concentration is low. 

Furthermore, according to the process described above, it is possible to obtain olefin polymers with narrow molec- 
ular weight distributions and composition distributions. 

An olefin polymerization catalyst (2) according to the present invention is produced from 

W a transition metal amide compound represented by general formula (II) below and at least one compound 

selected from among 

(B) 

(B-1) organoaluminum oxy-compounds, 

(B-2) compounds which react with the transition metal amide compound (A 1 ) to form ion paire, 
and 

(B-3) organometailic compounds. 
Each of the components forming the olefin polymerization catalyst (2) will now be explained. 
(AT Transition metal amide compound 



TTie transition metal amide compound (A 1 ) used for the invention is a compound represented by the following gen- 
eral formula (II): 
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25 where M 2 represents a transition metal atom of Groups 3 to 6 of the Pedocfic "fette, preferably a transition metal atom 
of Gron> 4 of the flarfadic Table such as titanium, zirconium or hafnium, espedafly preferably tterium. 

R 11 to R 20 may bethesame orcfrflerent and each represents a hydtogen atom, a hydrocarbon group whk*i is pref- 
erably a hy<±ocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon youp, an organosilyi grotp, an altoxy 
group, an arytaxy group. -COOR 21 . -NfR^CXOJR 23 , -OCtOJR 24 , -CN. NR 2 ^ or -N^StO^R 27 . 

30 Here, at least one of R 11 to R 15 tea group other than a hydrogen atom, and at least one of R 16 to R 20 is a group 
other than a hydrogen atom. 

As specific hydrocarbon groups th ere may be mentioned G near or branched alkyl groups of 1 to 20 carbon atoms 
such as methyl, ethyl, rvpropyt, teopropyl, rvbutyf , isobutyf. sec-butyl, ten-butyl, pentyl and hexyf; aryl groups of 6 to 20 
carbon atoms such 8S phenyl, naphthyf and arrthryl; substituted aryl groups with 1 to 5 substrtuerrts such as foe afore- 
3$ mentioned alkyi groups of 1 to 20 carbon atoms on these aryl groups; cycioalkyl groups such as cyctopentyl, cyctohexyf , 
norborrryl and adamant^ 
phenyfethyl and phenytpropyl. 

As halogenated hydrocarbon 
been substituted with halogens. 
40 As specie organosSyl groups there may be mentioned methyisflyl. dhte0iyls3yl, trirnethyisflyl, ethytsiyi, diefoyteSyl. 
triettiyteiyl, phertytsflyt, diphenyisilyf, triphenytsflyt, dimethylphenyisSyt, rnethytdiphenytsityf , etc. 

As specific ataxy groups there may be mentioned methaxy, ethaxy, rvpropaxy; iscprapaxy, n-butoxy, isobutaxy. 
tert-butoxy, etc. 

As specific aryloxy groups there may be mentioned phenaxy 2,6-<fimethyfehenaxy 2,4,6-trim^hylphenaxy, eta 
46 As groups represented by -COOR 21 , -N(ft 22 )C{0)R 23 , -OQOJR 24 , 

-CN, -NR 2 ^ or -N( R^SfOJ R 27 (where R 21 to R 27 represent alkyl groups of 1 to 5 carbon atoms) there may be men- 
tioned -COOCH3, 

•N(CH3)C(0)CH3. -OC(0)CH3. -CM -NtCzH^ -N(Oy S^CH* etc. 

Two or more of the groups represented by R 11 to R 15 , preferably adjacent groups, may be linked together to form 
so an aromatic ring, aSphatic ring or other ring togemer with the carbon atoms to which each is linked, and two or more of 
the groups represented by R 16 to R 20 , preferably adjacent groups, may be linked together to form an aromatic ring, 
afiphatic ring or other ring together with flte carbon atoms to which each is tirfod to 
ture is preferred wherein 3 to 30 of the carbon atoms are In the portion corresponding to the 2 or more groups 
mis tor 2. 
66 nts1or2. 

The boncfing group boncfing the 2 nitrogen atoms represented by ((E^A*),, is specfficafly abondng group repre- 
-(^^aKEnOA^A 1 -. 
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A 1 represents an atom of Group 14 of the Period* Tablet among which 
atoms, silicon atones germanium atoms and tin atoms, and preferred are carbon atoms and silicon atoms. When n is 
2, the tm groups represented by A 1 may be the same or different 

E may represent the same or cfifferent groups and represents at least one atom selected from among carbon, 
hydrogen, oxygen, hedogep^^^nffur, phosphorus, boron and si icon or subsfituents co n t aini n g these atoms, 
and preferred are subslituertts containing one or more atoms selected from among carbon, hydrogen, nitrogen and sil- 
icon. Alsoi any 2 or more groups represented by E may be [inked together to form a ring. 

As specific bonding groups represented by ((EJA 1 ),, boncfing the 2 nftrogen atoms there may be mentioned the 
following groups: 




In these examples, Me represents methyl and Ph represents phenyl 
p re pres ent s an integer of 0 to 4. 

X* represents a hjdrogen or halogen atom, a hydrocarbon group oM to 20 carbonated 
bon grotp of 1 to 20 carbon atoms, or an oxygen-containing group. sutfurK»ntaining group or sificon-oontairang group. 
When p is 2 or greater the groups represented by X 2 may be tfw same or different 

As halogen atoms there may be mentioned fluorine, chlorine, bromine and iodine. 

As hydrocarbon groups of 1 to 20 carbon atoms there may be mentioned afkyt, cycloalkyl, alkenyl, aryialkyi and aryi 
groups, and speefficaly aikyl groups such as metfiyi. ethyl, propyl, butyl, hexyi. octyl nonyt. dodecyl and etcosyi; 
cydoalkyt groups such as cyclopentyt, cydohaxyi.rwrbomylarKladar^ 
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cydohexenyl; arytafcyl grows such as benzyl phenytethyl and phenyfcrcpyl; and aryi groups such as phenyl, totyl. 
cfimathytphanyl, trimethytphenyi, ethyiphenyf, propytphenyt, biphenyt, naphthyl, methytnaphftiyt, anthryf and phenarv 
thryL 

As hatogenated hydrocarbon groups of 1 to 20 carbon atoms there may be mentioned fte 
carbon 9014s of 1 to 20 carbon atoms whWi have bew substituted with haiogena 

As oxygernxxTtaining groins there may be mentioned: hydroxy groups; ataxy groups such as meftcxy, efhoxy. 
propoxy and butaxy; arytaxy groups such as phenoxy, methyfphenoxy, danethytphenaxy and raphthoxy; and aryialkaxy 
groups such as phenytmethoxy and phenytethoxy. Of these oxygen-containing yotps, preferred are those wfth up to 
20 carbon atoms. 

Assuffurcontaininggro^ 

been s^stituted wfth siifur fof oxygen, as wgC as sulfonate groups such as methyl sulfonate, trifiuorornethane sul- 
fonate, phenyl stffonate, benzyl sulfonate, p-totoene suffonate, trimethyfbenzene sulfonate, triisobutyibenzene sul- 
fonate, p<htorobenzene stffonate and perrtafiuorobenzene sulfonate, and sidRnates such as metfiyl sufflnate, phenyl 
suffinate, benzyl sufmate, p-toiuene suffinate, trimethytbenzene suffinate and pentafiuorobenzene suffinata 

As sflwxwntaining groups m» 
phenytsflyl; clhycfrocartx^-substrtuted sflyts such as dimettyteilyl and diphenyfsilyl; trfiydrocarbon^ubait^ siyts 
such as trimethyteilyt. fotfiylsayt, trfcropytsflyU tricydohexyteiyl, trpherrytsflyl, dinethytphenytalyl, methyW|3henytsayl, 
triWytsflyl and trinapTithyfsityl; sifyt ethers of hydrocarbon^sttirt^ sflyts such as trimethytsSyl ether; si&con-si^s^ 
tutedaikylgrtMKSuchastrin^ 

Anwig these are preferred halogen atom^ 

The fof lowing are specific, but not GmrtatweeKarrfjIesof 
formula (Q above. 
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nPr Me 



sBu 




sBu 



tBu tBu 




nOcfc 




nOct 
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Me Me 




tntidentafl* in these examples Me represents methyl, Et represents ethyl, nPr represents n-propyl, iPr represents 
i-propyl, sBu represents sec-butyl, tBu represents tert-butyl and nOct represents n-octyJ. 

According to the invention, transition metal amide compounds (A*) wherein titanium in these compounds is 
replaced with zirconium or hafrtium may also be used. 

Preferred among these transition metal amide compounds (A) are transition metal amide compounds in which M 2 
is titanium and the group bonding th* two rtirogen atoms s acycfchydrocarbon compound residue, preferably a cydic 
hydrocarbon compound residue of 3 to 30 carbon atoms in the ring-containing structure, and particularly preferred are 
transition metal amide compounds in which the group bonding the two nitrogen atoms is an aromatic hydrocarbon com- 
pound residue such as benzene. 

These transition metal amide compounds (A*) may be used singly, or used in co m b ina tions of 2 or mora 

The organoaluminum oxy-compound (B-1) and organometaJGc compound (B-S) used in the olefin polymerization 
catatyst (2) of the present invention are from the same compounds mentioned above. The compound (B-2) which reacts 
with the transition metal amto 
honed ionizing ionic compound. 

The defm polymerization catatyst (2) may contain, in addition to one of the transition metal amide compounds (A*) 
mentioned above and at least one compound (B)6dected from am 

ionic conpoinds (B-2) and an organometaflic compound (B-3), also optionally a fine partide carrier (C) as described 
below 

fQRneparfidftcarriar 

The fine particle earner (C) to be optional used in the olefin polymerization catatyst (2) is an inorganic or organic 
conpound which is a granular to fine partide solid wiffi'a particle size of 10 to 300 jun, and preferably 20 to 200 jim. 
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Preferred as such inorganic compounds are porous owdes. and specifically S1O2, AI2O3, MgO, ZrO, T1O2, BgO^, CaO. 
ZnO, BaO, TTK^ and mixtures containing them, such as SKVMgO, StOj-AJ^ SKVnOfe* SKVV2O5, SiOrCr^ 
and SKVTXVMgQ Among these are preferred mixtures compo sed mainly off at least one component selected from 
the group consisting of SiOg and AI2O3. 

There Is no problem wfth adding a smal amount of a c ar bon at e salt, suttate salt nitrate salt or oxide component 
such as NagCfo, KgCOfr CaCOs, MgCQa, NagSO* AI^SO^, BaSO* KN0 3t MgfNOafc, AlfNOa)* NaaO. K*0 and 
U2O, to the aforementioned inorganic oxides. 

The nature of the the partide carrier (C) wtS differ depending on te type and the production process, but carriers 
preferably used for the invention have speciic surface areas in ttie range of 50 to 1000 m 2 ^, and preferably 100 to 700 
rc?t% and pore volumes n the range of 0.3 to 2.5 cnr^/g. Such carriers are used by firing, r? necessary, at 1 00 to 1 000 
•C. and preferably 150 to 700 °C. 

The fine parade carrier (C) to be used according to the invention may also be a granular or fine partide sold of an 
organic compound of particle size in the range of 1 0 to 300jim Examples of such organic compounds include (co)pol- 
ymers produced with the main component an o-oiefin of 2 to 14 carbon atoms such as ethylene, propylene, 1-butene 
and 4-methyM -pentene, and polymers or copolymers produced with the main component vrrytcydohexane or styrena 

The olefin polymerization catalyst (2) of the present invention oonprises the aforementioned transition metal amide 
catalyst (A*) and at least one compound (B) selected from among organoalurrinum oxy-cornpounds (B-1), ionizing tonic 
conpounds (B-2) and organometalHc compounds (8-3), and optionally a fine particle carrier (C). Rg. 2 shows an 
embodiment of an olefin polymerization step using an olefin polymerization catalyst (2). 

The process for produdng the olefin polymer of the invention includes embodiments of horropofymerization of an 
olefin, or c»polymerization of 2 or more cKieflns, each of which is conducted in the presence of the olefin polymeriza- 
tion catalyst (2). 

The method of use and order of adtftion of each of the components for ffte poryrnerization may be selected as 
desired. The following methods may be presented as embodiments: 

(1) A method whereby component (A*) and component (B) which is at least one selected from among organoaiu- 
rrenum oxy-cornpounds (B-1), ionizing ionic compounds (B-2) and organometaJic compounds (B-3) (referred to as 
"component (B) w hereinafter) are added to the polymerization reactor in the desired order; 
(2} A method whereby a catalyst inducing the pre-contacted component (A) and component (B) is added to the 
polymerization reactor; 

(3) A method whereby a catalyst component obtainable by pre-contacting component (A) and component (B), and 
another component (B) are added to the polymerization reactor in the desired order. Here, the two components (B) 
may be the same or different, 

(4) A method whereby a catalyst component inducting component (A*) supported on the fine partide carrier (C) and 
component (B) are added to the polymerization reactor in the desired order; 

(5) A method whereby a catalyst including component (A 1 ) and component (B) stpported on thefine particle carrier 
(Q) is added to the polymerization reactor; 

(6) A method whereby a catalyst component inducing component (A 1 ) and component (B) supported on the fine 
partide carrier (C) and component (B) are added to the polymerization reactor in the desired order. Here, the two 
components (B) may be the same or different; 

(7) A method whereby a catalyst component inducing component (B) supported on the fine particle carrier (C) and 
<xxrpormm(Alareaddedtotte order; and 

(8) A method whereby a catalyst component with component (B) supported on the fine partide earner (C). compo- 
nent (A 1 ) and component (B) are added to the polymerization reactor to the desired order. Here, the two compo- 
nents (B) may be the same or different 

Olefin may be preporymerized on a solid catalyst component having component (A*) and component (B) supported 
on the fine partide carrier (C). 

According to the invention, the polymerization may be accomplished by either a liquid phase polymerization proc- 
ess inducting solution pofymerization and suspension polymerization or gas phase polymerization process. 

As inert hydrocarbon mediums used for liquid phase polymerization there may be specffically mentioned the same 
inert hydrocarbon mecfiums used for the process for preparing defin pdymers using the olefin polymerization catalyst 
(1) mentioned above, and the olefin teerf may also be used as the solvent Among these are preferred aliphatic hydro- 
carbons, aEcydic hyfrocarbons and the defin rtseff. 

For polyrnerization of olefins using the olefin polymerization catalyst (2), the transition metal amide compound (A*) 
is usually used in an amount of Iff 8 to 10" 2 moles, and preferably 1C 7 to lO^mdes. to one liter of the reaction vokme. 

Theorganoalurninum oc^oompound (B-1) is usually used in an amount such that the aluminum atoms in (B-1) and 
the transton metal atoms (M) in the transition metal amide compound (A} are in a molar ratio [(B-1)/M] of 1 0 to 5000, 
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and preferatty 20 to 2000.7^ 

srtion metal atom$ (M) in the transition metal amide compound (A) are in a molar ratio [(B-2)/M] of 1 to 10, and prefer- 
ably 1 to 5. The orpanonietaflic compound (B-3) is usuafly used in an amount such that and the transition metal 
atoms (M) in the transition metal amide compound (A} are in a molar ratio [(B-3VM] of 0.01 to 5000, and preferably 0.05 

to20oa 

The polymerization temperature is usually in the ranee of -50 to 200 °C. and preferably 0 to 1 70 °C. The polymeri- 
zation pressiw is usualy from normal pressure to 

the polymerization reaction may be canled out by a batch-wtse process semi-continuous process or continuous proc- 
ess. The porymerization may also be divided into 2 steps, each of which has a efferent reaction concflion. 

The molecular weight <* the resulting olefin polymer may be adjusted by acting hydrogen to the p ol ymeri za tion 
system, or by changing the polymerization terrperature. 

Olefins which can be polymerized by the olefin pot^ 
such as ethylene, propylene, 1-butene. 1-pentene, 1-hexene, 3-methyH-butene, 3-methyM-pentene, 3-ethyM-pen- 
tene, 4-methyM-pentene, 4-methyM-rtexene, 4,4«iimetfiyM-hexene. 4,4<imethyMi>entene, 4-ettvM-haxene. 3- 
ethyt-1-haxBne, 1 -octane, 1-decene, 1-dodecene, 1-tetradecene, 1-haxadecene, 1-octadeceneand 1-etcosene; 

aromatic vinyl corrpounds such as styrene. dimethytetyrenes. allytoenzene, aflyttduenes and aflylnaphthalenes; 
aficycBc vinyl compounds such as vmyteydohexane, vinyteycloperrtane, vinylcycloheptane and aOytnorbomane; 
cydlc olefins such as cydopentene, cycioheptene, norbomene. 5-methyl-2-norbornene, tetracyctododecene and 
2-mstfiyM,4,5,8<fimethanrt linear polyenes of 4 to 20 carbon atoms 

such as 1 ,4-pentacf ene and 1 ,5-haxadiene; and eyefic polyenes such as 5-ethyiidenenorbomene and dicyclopen- 
tadiene. 

An olefin polymerization catalyst (3) for the process of the present invention is produced from 

(A") a transition metal amide compound represented by general formula (III) below and at least one compound 

selected from among 

(B) 

(B»1) organoaluntinurn oxy-compounds, 

(B-2) compounds which react with the mentioned transition metal amide compound (A") to form ion pairs, 
and 

(B-3) organometaUc compounds. 

Each of me components forming the olefin porymerization catalyst (3) for the production process of the invention 
wiQ now be explained. 

(AT Transition metal fflrtid^CTrewri 

The transition metal amide compound (A") used for the invention is a compound represented by the following gen- 
eral formula Oil): 
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...(III) 



where M 2 represents a transition metal atom of Groups 3 to 6 of the Periodic Table, and preferably a transition metal 
atom of Group 4 of the Periodic Table such as titanium, zirconium or hafnium, especially preferably titanium. 

R 1 1 to R 20 may be the same or different from one another, and have the same definitions as for R 1 1 to R 20 in gen- 
era] formula (If) above. 

m is an integer of 0 to 2. 

n is an integer of 3 to 5. 

Each A 2 may be the same or different, and represents an atom of Groups 1 3 to 1 6 of the Periodic labia among 
which there may be mentioned specifically boron atoms, carbon atoms, nitrogen atoms, oxygen atoms, si Boon atoms, 
phosphorus atoms, sulfur atoms, germanium atoms, selenium atoms and tin atoma Preferred are carbon atoms or sil- 
icon atoms. 

E represents at least one atom selected from among carbon, hydrogen, oxygen, halogens, nitrogen, stffur, phos- 
phorus, boron and silicon or substituents containing these atoms. Preferred are substituents containing one or more 
atoms selected from among carbon, hydrogen, nitrogen and sificon. Any 2 or more groups represented by E may be 
linked together to form a ring. 

Qrotps represented by ((E^A 2 ^ bonding two of the nitrogen atoms include the toBc^ divalent boncfng groups; 
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-CH2CH2CH2-. -CH2C(Me)2CH2-, 
-CHjC (Bt) 2 CH 2 -. -CH 2 C (nPr) 2 CH 2 -, 
-CH 2 C(iPr)2CH2-, -CH 2 C(nBu) 2 CH2- / 
-CH 2 C(iBu) 2 CH 2 -, -CH 2 C(sBu) 2 CHa- ( 
-CH 2 C(cPen) 2 CH 2 -, -CH 2 C ( cHex) 2 CH 2 - , 
-CH 2 C <Ph) 3 CH 2 - . -CH 2 C (Me) (Bt) CH 2 - , 
-CH 2 C(Me) (iPr)CH 2 -, -CH^fMe) (iBu)CH 2 -, 
-Ol2C(Me) (tBu)CH 2 -, -CH 2 C(Me) (iPen)CH 2 -, 
-CH 2 C(Me) (Ph)CH 2 -, -CH 2 C(Et) (iPr)CH 2 -, 
-CHaCCBt) (iBu)CH 2 -, -CH 2 C(Et) <iPen)CH 2 -, 
-CH 2 C(iPr) (iBu)CH 2 -, -CH 2 C(iPr) (iPen)CH 2 
-CH 2 Si(Me) 2 CH 2 -, -CH 2 Si(Et) 2 CH 2 -, 
-CH 2 Si{nBu)2CH 2 -, -CH 2 Si(Ph)2CH2-# 
-CH(Me)CH 2 CH{Me) -. -CH(Ph)CH 2 CH(Ph) 
-Si(Me) 2 OSi (Me) 2 -, 
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so tncttentalty in these examples Me represents methyl, Et represents ethyl, nPr represents n-prcpyl, \Pr represents 
isopropyl, nBu represents rvbutyl, iBu represents isobutyl, sBu represents seobutyl. tBu represents tert-butyl iPen rep- 
resents isopentyl, cPen represents cydopentyl, cHex represents cydohexyt and Ph represents phenyl, 
p is an integer of 0 to 4. 

X 2 h88 the same definition as X 2 in general formula (II) above. When pis 2 or greater the grcajjs represented by 
ss X 2 may be foe same or (Efferent 

Among these are preferred halogen atoms, hydrocarbon groups of 1 to 20 carbon atoms erd sulfonate grocps. 
The foflowing are specie, but not Imitative examples of transftion meted amide corrpounds (A") represented by 
general formula (III) above. 
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40 

Incidentally, in these examples Me represents methyl, Et represents ethyl, iPr represents iso-propyt, nPr represents 
rvpro pyt, n&i r epresents n-butyl. sBu represents sec^utyl, tBu represents tert-butyl and nOct represents noctyt. 

Accord^ tafie invents .* 
K withnrcoriumorhafnkjmmayato 
46 Preferred among these transition metal an^econpw 

is titanium. A 2 in the group bonding two of the nitrogen atoms is carbon or sfficon, and n is 3. 
These compounds may be used singly, or used in conttnations of 2 or more. 

The organoakjminum axy-carTpound (B-1) and organometalfic compound (B-3) used in the olefin polymerization 
catalyst (3) for the process of the present invention are from the same compounds mentioned abova The conpound 
so (B-2) which reacts with the transition metal amide compound (A") to form an ion pair is selected from the same com- 
pounds for the above-mentioned ionizing ionic compound. 

The olefin polymerization catalyst P)fc* the process of 
amide compound(s) (AT mentioned above and at least one conpound (B) selected from among organoafurrfnum oxy- 
conpounds (B"1) and ionizing io ni c conp ou nds (B-2) wfth an organometalBc conpound (B-3), and optionally a fine par* 

erization catalyst (3). 

Thepoc^tDrproAwngttieotefmp^ 
pound and an oKxefii are copolymerized to produce an aromatic vinyl compound/a-ol efin copolymer; a) an a-defn of 
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3 or mors carbon atoms and ethylene are copolymer ized to produce an ethylena/a-olefin copolymer; E) at least 2 dif- 
ferent a-olefins sheeted from among a-olef ins of at least 3 carbon atoms are copotymerized to produce an a-ciefm ran- 
dom copolymer; and rv) a Bnear or branched olefin and a cyclic olefin are cepdymerized to produce a eyefle olefin 
copolymer, each embedment being conducted in the presence of the aforementioned olefin polymerization catalyst (3). 

For production of aromatic vinyl compound/a-cteftri copolymers, ethylene/a-oJefin copolymers or ctolefin random 
copolymers, it Is preferred to use an olefin polymerization catalyst (3) comprising a transition metal amide compound 
(A"), at least one compound (B) selected from among organoalummum axy-compounds (B-1), ionizing ionic com- 
pounds (B-2) and or ganome t a llfc conpounds (B-3) and optionally a fine particle carrier (C). 

Specie a-defins to be used in fte process for preparing aromatic vinyl compountfarolefin copolymers using the 
olefin polymerization catalyst (3) according to the process of the invention include linear or branched a-olenns such as 
ethylene, propylene. 1 -butane, 1-pentene. 1 -neocene, 3-metiiyM-butene, 3-melhyM-pentene, 3-ethyM-pentene, 4- 
methyl-1-pentene, 4-methyH-hexene, 4,4-cSmethy1-1-h8xene, 4,4-dimethyi-1 -pentene, 4-ethyM-haxane. 3-ethyM- 
hexene, 1-octens, l-decene, 1-dodecene. 1 -tetrad ecene, 1-hexadecene, 1-octadecene and 1-eicosene- These a-ole- 
fins may be used singly or in combi nations of 2 or more. 

Specific aromatic vinyl compounds to be used in the production process lor aromatic vinyl oornpound/a-cJefin 
copolymers using the olefin polymerization catalyst (3) according to the process of the Invention include styrene; mono 
or polyalkytstyrenes such as o-m ethyl stryene, m-methyJstyrene, p-methytetyrena, o,p-di methytetyrene, o-ethytetyrene, 
m-ethytstyrene and p-ethytetyrene; functional group-contairing styrene derivatives such as methoxystyrene, ethoxysty- 
rene, vinytoenzoJc add, methyl vinyfcsnzoate, vinyfcenzyl acetate, hydroxystyrene, o-chlorostyrene, p-chJcrostyrene 
and cfivinytbenzene; and 3-phenytprcpytene, 4-phenytxjtene, a-methylstyrene, etc These aromatic vinyl conpounds 
may be used singly or in combinations of two or more. 

a-olef ins of 3 or more carbon atoms to be used in a process tor preparing an ethyleneta-olefin copolymer or a proc- 
ess for preparing an a-defin random copolymer using the olefin polymerization catalyst (3) according to the process of 
the invention include a-defins used for the processes for preparing the above-mentioned aromatic vinyl compound/a* 
olefin copolymers other than ethylene. Preferred among them are a-defins of 3 to 10 carbon atoms. 

In the process for preparing ethylene/a-otefin copolymers or the process for preparing a-olef in random copolymers, 
a diene such as 1 ,4-haxacBene or 5-ettryiidenenorbomene or a triene such as 1 ,5,9-decatriene may be copotymenzed 
therewith according to necessity. 

The method of use and order of addition of each of the catalytic components may be selected as desired for polym- 
erization in the process for preparing an aromatic vinyl compomd/o-olef in copolymer, me process for preparing an eth- 
ylenefo-defin copolymer and the process for preparing an oolefin random copolymer according to the invention, but 
tne Toccwmg mecnoos may oe presented as errwoaiments. 

(1) A method whereby component (A") and component (B) which is at least one selected from among organoaJu- 
minum cocy-compounds (B-1), ionizing ionic compounds (B-2) and organometaflic conpounds (B-3) (hereunder 
referred to as "component (B)") are added to the polymerization reactor in the desired order; 

(2) A method whereby a catalyst obtainable by pre-contacting component (A*) and component (B) is added to the 
polymerization reactor; 

(3) A method whereby a catalyst component obtainable by pre-contacting component (A") and component (B) Is 
added to the polymerization reactor with conponent (B) in the desired order. Here, the two components (B) may be 
the same or different; 

(4) A method whereby a catalyst component indutfing component (AT supported on the fine particle carrier (C) and 
component (B) are added to the polymerization reactor in the desired order; 

(5) A method whereby a catalyst inducing component (A") and component (B) supported on the fine particle carrier 
(Q is added to the polymerization reactor; 

(6) A method whereby a catalyst component including component (A") and component (B) supported on tfie fine 
particle carrier (C) and another component (B) ere added to me polymerization reactor In the desired order. Here, 
the two components (B) may be the same or different; 

(7) A method whereby a catalyst component 

component (A") are added to the polymerization reactor in tfie desired order; and 

(8) A method whereby a catalyst component including component (B) supported on the fine particle carrier (C), 
component (A") and component (B) are added to tie polymerization reactor in the desired order. Here, the two 
components (B) may be the same or different 

a-defin may be preppdymerized on a sold catalyst component having component (A") and component (B) 
ported on the fine particle carrier (C). 

According to fte invention, the polymerization may be accomplished by either a liquid phase polymerization proc- 
ess including solution polymerization and suspension polymerization, or gas phase polymerization process, but liquid 
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phase polymerization is preferably employed 

As In ert hydrocarbon mediums used tor Bquid phase poryrrwization there may be specifically mentioned the same 
inert hydrocarbon mediums used for the process for preparing olefin pdymers using the olefin polymerization catalyst 
(1 ) mentioned above, and the a-olef in and aromatic vinyl compound themselves, used for the copofyrnerization, may 
also be used as the solvents. 

Among these inert hydrocarbon mecOims are preferred aliphatforiydrocarbwre and alicycfic hydrocarbons, The a- 
olefin riseff used for polymerizata 

For the copdymeri zattoa tfte transition metal amide compound (A") is usually used in an amount of 10" 8 to 10* 2 
moles, and preferably 10" 7 to 10" 3 moles, to one liter of the reaction volume, 

Theorganoalurr^ 

the transition metal atoms (M) in the transition metal amide compound (A") are in a moter ratio [(B-iyM] of 10 to 5000, 
and preferably 20 to 2000. Thetoruzingiracornpound( 

sition metal atoms (M) in the transition metal amide compound (A") are in a molar ratio [(B-2)/M] of 1 to 10, and prefer* 
ably 1 to 5. The organometaJIic compound (B-3) is usually used in an amount such that (B-3) and the transition metal 
atoms M in the transition metaJ am 
to 2000. 

The polyrnerization temperature is usually in the range of -50 to 200 °C. and preferably 0 to 1 70 °C. The polymeri- 
zation pressure is usuafiy from normal pressure to 100 kg/Cm 2 , aixl preferably from normal pressure to 50 HQ/cm 2 , and 
the porymerization reaction may be carried out by a batch-wise process, semi-arrrinuous process or continuous proc- 
ess. The polymerization may also be divided into 2 steps, each of which has a different reaction concfition. 

The molecular weight of the resulting aromatic vinyl cornpound/oKjJehn copolymer, ethytene/o^efln c»porymer or 
a-oleftn random copolymer may be acljusted by adding hydrogen to the polymerization system, or by changing the 
polymerization temperatura 

The aromatic vinyl compound/a-olefin copolymer obtained according to the invention preferably has the structural 
unft derived from me olefin (Uq) and the structural unit derived from the aromatic vinyl compound (IVJ in a molar 
^[(Uod:(lKfl)]ofW:1 to 

compouno7aolefin copolymer obtained according to me invention as measured in a decafin at 135 °C is preferably 0.0 1 
cfl/g or greater. 

The ethylene/cKrferln random copolymer obtained acoordrtg to the invention preferably has the structural unit 
derived from ethylene (U E1 ) and the structural unit derived from the a-ofefin of 3 or more carbon atoms (Uqi) (II) in a 
molar ratio [(Ua):(UoiB of 99.0:1 .0 to 0.1 :99.9, and more preferably 98.02.0 to 0.1 59.9. Aba the intrinsic viscosity (nj 
of the ethylenes-olefin random copolymer obtained according to the invention as measured in adecaiin at 135 °C is 
preferably O.OIdVgor greater. Particularly preferred as ethylene/a-olefin random copolymers obtained accorcfing to the 
invention are those having [(Ub):(Uoi)] of 50.0:50.0 to 0. 1:99.9 and ft) of 0.3 dl/g or neater. 

The composition of an ct-oleftn random copolymer obtained accord ng to the invention, having at least 2 different a- 
deflns, is usually 1 to 99% by mole, and preferably 2 to 96% by rr^ 
the range of 1 to 99% by mole, and preferably 2-98% by mole of foe 
a-olefin random copolymer obtained acamfing to the invention 
10 (fife 

For preparing a cydic derm coporymer, ft is preferred to use an 
sition metal amide compound (A") and at least one compound (B) selected from among organoaJuminum oxy-com- 
pounds (B-1), ionizing ionic compounds (B-2) and organometaflic compounds (B-3). 

Specffic Bnear or branched olefins to be used in the process for preparing cyclic olefin copolymers using the olefin 
polymerization catalyst (3) include the aforementioned olefins used for the process for preparing aromatic vinyl com- 
poundfa-olefin copolymers. These linear or branched otefro 

Cyclic olefins to be used in the process for preparing eyefic olefin copolymers using the olefin porymerization cata- 
lyst (3) include cycOc olefins represented by the toflowing general formulas (i) and (ii). 
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where nisOorl, misOora positive integer, and kis 0 or 1. When k is 1, the ring represented with k is a 6-membered 
go ring, and when k is 0 the ring te a 5-membered ring. 

R 1 to R 18 , and R* and R?> are each independently hydrogen atoms, halogen atoms or hydrocarbon groips. 
The halogen atoms are fluorine atoms, chlorine atoms, bromine atoms or todne atoms. 
As hydrocarbon groips there may be mentioned generally alty groups oM to 20 carbon atoms. haJogenated alkyl 
groups of 1 to 20 carbon atoms, cycloafcyl groups of 3 to 15 carbon atoms and arom^ 
25 cffteafly, 

as alkyl groups «we may be mentioned methyl, ethyl, propyl, isopropyl. amyt, hexyl, octyl, decyi, dodecyf and 
octadecyl . These afcyl groups may also be substituted wfth halogen atoms. 

As cydoafcyi grotps there may be mentioned cyclohaxyl, and as aromatic hydrocarbon groups there may be men- 
tioned phenyl and naphthyl. 

so In general formula (0 above, R 18 and R 16 , R 17 and R 18 R 1S and R 17 , R 16 and R 18 , R 16 and R 18 or R 18 and R 17 
may each be linked (together) to form a single ring or multiple rings, and tie single or multiple rings formed in mis man- 
ner may inciude double bond* As single or multiple rings formed here there may be mentioned the ttkwing specific 
ones. 

;u cj :a O :cO 
. CGQ CGGO 

In these examples, the carbon atom as 1 or 2 represents the carbon atom bonded to R 15 (R 16 ) or R 17 (R 1 ^, respec- 
tively, in general formula (i) abova 
so In adcfition, R 15 and R 16 , or R 17 and R 18 may form an afkytWene groufx Such alkyidene groups are usualy aikyO- 
dene groips of 2 to 20 carbon atoms, and as specific examples of such alkyidene groups there mgy be mentioned 
ethyfdene, propyfderte and iscpropyfidene. 
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where p and q are each inctependantiy 0 or a positive integer, and r and s are each independently 0, 1 or 2. 
R 21 to are each independently a hydrogen atom, halogen atom, hydrocarbon group or aitacy group, 
The halogen atoms indcated here are the same halogen atoms in general formula (i) above. 
As hydrocarbon groups there may be mentioned generally aikyi groups ol 1 to 20 carbon atoms, cycioaJkyt groups 

of 3 to 15 carbon atoms and aromatic hydrocarbon groups. More specif ically, 

as alky! groups there may be mentioned methyl, ethyl, propyl, isopropyl. amyl, hexyt. octyt, decyi, dodecyl and 

octadecyt. These alkyl groups may also be substituted with halogen atom* 
Asacycloalkytgrcipthereniayta cyctohexyl. 

As aromatic hydrocarbon groups there may be mentioned aryl and araikyl groups, and specifically phenyl, totyl. 
naphthyl, benzyl and phenylethyj. 

As altaxy groups there may be mentioned methaxy, ethoxy and propoxy. 

^^^ ecar * wa ^^ 0,which ^ 2dari ^ ^ bond and the carbon atom to which R 33 bonds or the carbon atom to 
which R 31 bonds may be bonded <*ec^ 
atorre are bonded through an alky^ 

among methylene (-CHj-), ethylene (-CKbCHj-) and propylene (-CHgOfeCH^). 

In addition, when r«soO .R^andR^orR^andR^maybe bonded togetfier to form a monocyclic or pdycycfic 
aromatic ring. Specifically, the following aromatic rings formed by R 35 and R 3 * when r=s=0 may be mentioned. 



40 



O 



O 



Q 



53 



EP0893454A1 

where q is the same q asin genera! formula (I). 

As specific cyclic olefins represented by the above general formulas® and (tyft^ 
bicydo-2-heptene derivatives (bfcydohepto-2-ene derivatives), tricydo-3-decene derivatives* tricydo-3- 
undecene derivatives, tetracydo-3-dodecene derivatives, perrtacycfcX-pentadecene derivatives, pentacydopentadec- 
5 acfiene derivatives, pentacycto-a-pentadecene derivatives, pentacydo-3-hexadecene derivafives, pentacydo-4-hexa- 
decene derivafives. heoacydo-4-heptadecena derivatives. heptacyck>^«cosene derivatives, heptacyd»4-eico6ene 
derivatives, heptaqrcto-5-heneicosene derivatives, octacydo^docosene derivatives, nonacydo-^pentacosene deriv- 
atives. nonacydo-6-hexacosene derivatives, c^topentadlene^enapthaJene adducte, 1.4^nethano-1 v 4.4a.9a-tetrahy- 
droftuorene derivatives art 

10 The following are more specific examples of cyd'rc olefins represented by the above general formulas (i) and (ii). 

tecydop^.1Jhepto«-ene derivatives such as 
blcyctop^. 1 Jhepto-2-ene (« norbornene). 
5nTiethytt»cydQ[2.2. 1]hepto-2-ene. 
is 5.^imethya>k^p2.l]hepto-2-ene. 
1 -methy(btoyclo(2.2. 1 ]hepto-2-ene, 
5-ethytoicydo[22.1]hepto-2^ne l 
5-n-birtyfck^ctofc 

5^sobutyfbteydo[2^.l}hepto^^ and 
so 7nnethyfbicydo[2.2.1Ihepto-2-ene; 

tricycto{4.3.0. 1 2,6 l-3<lecene derivatives such as 

tricydo{4^.0.l 2 ' 9 h3Kiecena 

2nnethyltricydo[4.3.0.1 2 ^-3-decene and 

^ethy«tricycto{4.3.0.1 2 « 5 l-3-d8cene; 
is tricyck>14.4.0. 1 2 5-3-undecene derivatives such as 

tricydo[4A0J 2 43-undecene and 

10-methyRrfcydo[4A0.1 2 ^3Htidecene; 

tetracydoI4.4.0 J 2 « 5 .1 7 ' 10 J-3^todecene derivatives such as 

tetracydot4A0.1 2 ^.1 7 ^ 
so ^rtttfatoc^ 

8-«thyltetrac^4Aai 2 *^ 

8*ropyttetracydo^ 

84)utyftetracyclo[4.4.0.l 2 ^l^ 

8-isobuiyttetracyck^ 
ss 8*exyttetracydo[4^^ 

8-<^^exyttetra<^do(4.4.0.1 2 ^. l 7 - 10 J-a<todecene l 

8^eary!tetracyclo{4.4.0.1 2 ' 5 .1 7 ' 10 ]-3-dodecene, 

5.10«ime&iyrtetracyci^ 

2,1M1methy!tetracydo[4.4^^^ 
<o 8.9Kftne&iyfteti^^^ 

8- «thyW-methyltet^^ 
11.12Hiimethyttetracydo^ 
2.7.9-trimeftyftetracy^ 
2,7Klimethyl-9-ethyttetra^^ 

46 WsobutyW.7<Bmethyftetra^ 
9.11,12-trimethyttetracyd^ 

9- ethyM1,12<limethyftetra^ 
9-jsobutyM1,12^metty Re l^^ 
5A9,1CMetraiTOthyttetracycto{ 

so 8-ethyOdenetetracyck^ 

8-ethy0dene-9-methytt^^ 
8^thy0dene-9^thyftetracycto(^ 

8^tt^ldene-94sopropyftetra(yclo{4.4.0.l 2 *1 7 ' 10 J-3<todecene, 
*ethyfidene-9*utyto^ 
ss 8HvpropyGdenmetracydo[4.4.a 1 2,6 .1 7 » 1 °J-3<lodecena. 
8^Hxopy1ictoe^ethy^ 
8*vprq5y0den***W^ 
S-n-pmpyfidene^soprop^ 
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8-n?ropyrriene-94utyHeba^^ 

84sopropy8derwtetracycto(4.4.0.1^^ 

8*opropyidene-9*neo>ftetiacv^^ 

Wsopf(>pyldene-9**yttetnKyc^^ 

8-lsopropyidene-9^so pra py Be BTKy^ 

8-iscpropy6dene-9*utyfte1racy^ 

8<htorotetracyclo[4AOJ 2 *1 7 ' 10 |-^^ 

Ww<mjWracyck<4.4.0.1 2 *1 7 ^-3<lodecen8, 

8^^uat)tetIacyd<<4.4^.1 ^ ^.1 7 • 1( ^-dod9ce^w and 

8,»dcMorotelntcyclo(4.4.0.1 2i8 .1 7 ' 10 ha<lodecene; 

pentacydo[6.5. 1 . 1 w .0 2 - 7 .0 9 ' 13 H-pertadec8n8 derivatives such as 

panlacycto[6.5.1.1 3 ^0 2 < 7 0 9 ' 1 ^4i)enta(tec8n8. 

1 .3<Bmethrtwntaeyclcl6S.l .1 8 - 8 0 2 - 7 .0 9 ' 18 H*ertadecene, 

1.6^fim8thy*3entacyclo(65.1M 3 ' 6 .0 2 ' 7 0 9 ' 18 J-4i)errtadecene and 

14,15<fimethyt9enlBcyc»o(&&1.1 3 *.^^ 

pentacydopAO.l 2 - 5 . 1 912 .0 813 }-3-panlad6<x»w derivatives such as 

p«ttacycto[7A0.1 2 ^.1 d ' 12 ^ 1s H-perrtadecene and 

methyl-substituted pentacydoI7.4.0.1 2 - 5 .l 9 ' 12 O^-a-pentadeeene; 

pantacydopantadecacflene compounds such as 

pentacydo(8S.1.1 3 ' e .0 2 ' 7 0^ 

pantac*clo[BA0.1 2 - 5 .1 9 - 12 xr 3,8 J^^ as 

pantacyclc^4.0.1 w J 9 - 12 .0 813 J^-hei(adecane, 

1 1 -rnethyl-peritacyclc(8.4.0 .l^.l^^^-haxadacane, 

1 1 <»>H)entacycto|8.4.0.1 2 - 8 .1 912 O^^-heaadecene and 

10.11<fimethyH>entBcyclol8^ 

pentacycto(8.B.1.l 3 ' 8 O 2 7 .© 9 - 1 4 H-haxadacene derivatives such as 

panlacycto(&6.1J 8 '*.0 2 ' 7 .0 9 ' 1 V-^^ 

1.3<Bnratriyt>eiitaeyclc[eA1^ 

1.6<imelrirt9ertacyelo^ and 

l5,l8«limetfirtpentacydote^ 

haxacycloie.e.1.1 3 ' 8 .1 10 ' 13 ^ 

hawcyctoip.6.1.l 3 - 6 .1 10 - 13 .0 2 ' 7 0 9 - 14 )-44»eptadecene. 

l2-methymei<aevdoI&&l.l 3 *l 1 W^ 

12-ethy»hexacyclc{BA1.1 3 *. 1 W 8 0 2 - 7 . (^'^eptadecane, 

l2isctuiylhaxacyclo(6.6J.l 3 *J 10 ' 13 0 2 ' 7 0 9 'Vtepiadecene and 

1.6.10-trtm8thyM2-4ectoutylhexacy^ 

haptacydo-5-eicosane derivatives such as 

Iwptacydci&r.O.I 2 *! 4 ' 7 ^ 1 ' 17 ^ 

heptacycto(8.7.0.1 3 * 1 1017 . 1 ^".oW.O^ ^^cosene derivatives such as 

heptacyc^.0.1 8 *1 10 ' 17 .1 12 ^^^ 

dimethyi-sitetituted 

heptBcydopjA>.1 3 *1 10 ' ,7 1 12 - 1s .<^ 

heptacyclo-5-heneicosena derivatives such as 

heptacycto(a8.0.1 2 *1 4 - 7 J 11,8 <W 

heptacycto{8.8.0.1 4 - 7 J 11 ' ,8 J 13 - ie .0 3 *.0 12 - ,7 ]^eneicos^ 

1 5-meoiyt4ieptacvdo(8.8.0.1 4 - 7 .1 1 Mi. 1 ^.O^^l^eneicosene and 

trfnftsthyt'SLJbstitutsd 

heptacycloPAO.1 4 - 7 1 n - 18 . 1 18 . 18 . 0 8 - 8 . 0 ,2 « 17 I^ienefoo6ene; 
octacydc(8.8.0.l *» iVi".i 8 ii3.i 8 . 03^12,17)^^^ tew^ ^ „ 

o*KyetaCBM.l".i* 7 J 1 " v J 1 * 1 W*j^ 
ISHtwtfiyloctacyck^aO/l 2 *^^ 

l5-ethyteclaeyclo(8AO.l 2 - 9 .l 4 ' 7 1 "•«. i ^"jM. 0 12 - 17 |-5-docosene; 

nonaeydo(l0.9.l . t 47 .l 1M0 .1 1818 .0 2 - 10 .o 3 - 8 .0 12 - 21 .0 14 - 19 h&pentacoeane derivatives such 

norwcyclot10.9.1.1 4 ' 7 1 13 *1 15 - 18 ^ 

tnnistfiyKsubstrtutsd 

nonacycto(l0.9.l.l 4 ' 7 .l ,3 - 20 . 02.10^*012*1 0 M.ia j-spentaeosene: 
nonacvdotlO.10.1.1 5 ^. 1 ^.l 18 '' 9 .^ 1 '^ 1 ^. 
0 15 ' 2O h€-ftexacosene derivatives such as 
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rwnacyclo(10.10J.1*^ 0 15 ^64iaxacosene; 
as well as 

5i)henyi43icydo(2.2.1]hapto-2-9ne, 
5^ethyf-5i3h8nyl-{2.2. 1]hepto-2-ene, 
5-benryf-bicyciop .2. 1Jhepto-2-ene, 
5-tolyR)k^ctoI^2JIhepto-2^e, 
o^dhyfehenylH)^^ 
5^isopropyt^anyl)-blc^ 
5Kb^enyf)-bicycto(2.2. 1]hepto-2-en* 
SKMaphthyO-tfcy^ 
5^a^aphttTyt>bk^do(22. IJheplo-2-ene. 

5.6^pheny143k^c»o{2^ lJheplo-2-ene, 
cytrfopentacfienMcenaphthyieneack^ 

I f 4-methano-1 A4a,9a-tetrahyo*orlucroie> 

I . 4-methano-l ,4,4a,5, 1 0,1 Oa^taxahydroanthmccns, 

S^ethyl-B^jhenyM^^ 

84>enzyl-te!racydo^^ 

8-tolyl-tot!^ 

8Kteopiopylphenyf)-tetracyd 

8,W|jhenyl«etrac^ 

8KbiphenylHeti^ 

8Kfrnaphthyl^ 

8Kc*wp«hyl}-tetf^^ 

SKarrthracenylHetracvck^ 

adduct of cyctopentadiene to (cydopentacfiene-GcenaphttTylene adduct), 

I I . 124)en»pertacycloia& 1 .I^W^^^pentadeceno. 

I I ,l2^enzDpeiitacyclo{B.ai .1 W&.&^^emtecen* 
11t>heriyWiexacycio{6^ 
14J5-t>enzo4ieptacycJc^^ 

The method of use and order of addition of each of the corrponents may be selected as desired for copotymeriza- 
tion of a linear or branched olefin and cyclic olefin in the process for preparing a cyclic olefin copolymer according to 
the Invention, but the foaow^ 

(1) A method whereby component (A") and component (B) which is at least one selected from among organoaJu- 
minum oty^ompounds (B-1), Ionizing ionic compourxte (B-2) and oganometafflc ccrrpounds (B-3) (hereunder 
referred to as "component (B) ") are added to the polymerization reactor in the desired order; 

(2) A method whereby a catalyst obtainable by pre-ccntacting component (AT and component (B) is added to the 
polymerization reactor; and 

(3) A method whereby a catalyst component obtainable by pre-contacting o om ponent (A") and component (B)and 
another component (B) are added to the polymerization reactor in the des^e^ 

may be the same or different. 

Copoiymertzation of Gnear or branched olefins and cydte olefins is usually carried out by a liquid phase polymeri- 
zation method such as solution polymerization or suspension pdymerizafioa 

As inert hydrocarbon mediums used for liquid phase polymerization there may be specffically mentioned the same 
inert hydrocarbon mecfiums used for the process for preparing olefin polymers using the olefin polymerization catalyst 
(1) mentioned above, and the linear or branched olefins themselves used for the ccpdymerization may also be used as 
solvents. 

Among these Inert hydrocarbon mediums are preferred alphatic hydrocarbons and aBcycflc hydrocarbons. The Pn- 
ear or branched olefin rtserf used for polymerization is afeo preferred as the solvent 

For the copoJymerization of the linear or branched olefin and die cycSc olefin using the olefin polymerization cata- 
W (3). the transition n^ 
7 to 1<r molea to one Bter of the reaction volume, 

Theorp^noalimnumcxy^c^ 
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the transition metal store (M) in the transition metal amide compound (A 1 } are in a molar rafio [(B-1)/M] of 10 to 5000, 
and prefera bly 20 t o 2000, The ionWng ionic compound (B-2) is usually used in an amount such that (B-2) and flie tran- 
sition metal atoms (M) in the transition metal amide compound (A") are in a molar rafio [(B-2)/M] of 1 to 1 0, and prefer- 
ably 1 to 5. The organometallic compound (B-3) is usually used in an amount 6uch that (B-3) and the Sanation metal 
atoms (M) in the transition metal amid e compound (AT are in a molar ratfc^ 
to2000. 

The polymerizafion tenperature 
zation pressure is usually from normal pressure to 100 Kg/tem 2 , and preferably ton normal pressure to 50 Iqj/dm 2 , and 
the polymerizafion reaction may be carried out 

ess. The polymerization may also be cMded into 2 steps, each of whtt has adherent r 

The molecular weight of the re^ 
ization system, or by changing the polymerization terrperature. 

The cycflc olefin oopolyrw obtained 
linear or branched olefin (U^ and tie structural unrt derived from me cycfc ol^tn (Ucy) in a molar ratio [(UchWUcJJ 
of 95:5 to 5.-95, and more preferably 90:10 to 10:90. The intrinsic viscosHy (rO of the cy^ 
according to the Invention is preferably 0.01 to 10 cfl/g. 

The process for preparing an olefin polymer according to the to 
o* olefins in the presence of an defin polymerization catalyst (olefin polymerization catalyst (4)) corrpnsing: 

(A") a transition metal amide compound represented by general formula (IV) below and 
(B-1 ) an organoalumrnum oxy-compcund, 

wherein the organoaiuminum cocy<»mpound (B-1) b added to the polymerization system as an alfehatic hydrocar- 
bon or aficycfic hydrocarbon slurry. 

Each of the conponents forming this olefin polymerization catalyst used tor the invention will now be explained. 

The transition metal amide compound (A 1 ") used according to the invention is a transition metal amide conpound 
represented by general formula (IV) below 

(R2N) k M2 X^j.fc (IV) 

where M 2 repress a tradition metal atom of Groips 3 to 6 of the Periocfc Table, and is preferably a transition metal 
atom of Qnoup 4 of the Periodic Table, such as titanium zirconium or hafnium. 

j represents the valency of the transition metal atom M 2 

k represents en integer of 1 to j. 

Each R may be the same or dfTerent and represents a hydrogen atom, a tydrocarbon grotp, a halogenated hydro- 
carbon group, an organosilyt group or asubstituent having at (east one element selected from among nitrogen, oxygen, 
phosphorus, suffur and silicon. 

As specific hydrocarbon groups there may be mentioned linear or branched alkyl groups of 1 to 20 carbon atoms 
such as methyl, ethyl. r>propyl < isopror^, rhbutyUsobuiyl. s 
arylgroipsof6to20car1^atorTC 

as the aforementioned alkyl groups of 1 to 20 carbon atoms on these aryf groips; cycloalkyl groips such as 
cydopentyi. cycbhexyl, norbornyl and adamantyl: alkenyl groups such as vinyl, propenyl and cydohexenyl; and aryta- 
Ikyl groups such as benzyl, phenylethyl and phenyfpropyl. 

As halogenated hydrocarbon groups there may be mentioned the atorementioned hydrocarbon groips which have 
been substituted with halogens. 

As spedfic organosiyi groups there may be mentioned meihytsifyf, (fenethytsayf , trrmethytsityl, ethyteflyl, dietfiyisOyl, 
trie©iyJs3yl, triphenytsttyl, etc. 

As a&stftuents with at least one element selected from among nitrogen, oxygen, phosphorus, sum* and sflicon 
there mgy be mentioned the hydrocarbon groips mentioned above substituted with -OOOCH3, -N(CHa)C(0)Cr-k - 
OC{0)CH3. -CN, -M^Hsfe, -NfCHaJS^CH* -P(C&sh> etc. 

The groips represented by R which are bonded to the same nitrogen atom may be Bnked together to form an 
afiphatic or other type of ring, and preferably the portions corresponding to these groips form a ring-containing struc- 
ture of 3 to 30 carbon atoms. 
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When k is 2 or greater, the groups represented by R which are bonded to different nitrogen atoms may be the same 
or different and may be (inked together to form an aliphatic or aromatic ring, and preferably the portions corresponding 
to these groups form a rmg^ontairting structure of 3 to 30 carbon atoms. 

X 2 has the same definition as X 2 in general formula (II) above, and when j-k is 2 or greater, each X 2 may be the 
same or different 

Among these are preferred halogen atoms, rrydrccarbon groups of 1 to 20 carbon atoms and sulfonate o/oups. 
The following are specific but not (irritative oai^ 
formula (IV) above. 

bis(cf methyiarrade) titanium tichJoride, 
Diethylamide) titanium dfchlorkte, 
bis(cf propytarride) titanium cfichlonde, 
dHsopropytemWe titanium trichloride, 
bis(o1isopropy1am>de) titanium dchtoride, 
tris(oSsopropylairide) titanium chloride, 
tetreJds(d0soprcf)ytarnide) titanium, 
dbutytamide titanium trichloride, 
bis(cfibutytarnkje) titanium tichtoride, 
tri$(dixirylarnJde) titanium chloride, 
tetrakis(dixrtylarride) titanium, 
b^diiscfcutytamide} titaraum cichloride, 
bis(cehexytem«e)titonium cfchiorlde, 
dioctytamide titanium tricWoricte, 
bis(tf odylairade) titanium dcWoride, 
tr1s(dfoclytamide) titanium chloride, 
te1redds(cBodytamide) titanium, 
bis(didecylamlde) titanium cflchtoride, 
b^dioctadecytarride) titanium cfchkside, 
bis(cDethylamide) bisj^trimethylsily1)ama titanium, 
bis[bls(trimethyteflyl)amide] titanium dcWoride, 
tris(^trimethylsjiyf)aT^] titanium chloride, 
tetraWs|Wsflrii^^ etc. 

As additional transition metal amide compounds represented by general formula (IV) above there may be men- 
tioned the aforementioned compounds wherein titanium has been replaced with zirconium or hafnium 

As transition metal amide compounds represented by general fermuta ((V) above wherein two R groups attached 
to different nitrogen atoms are finked togefoer to form a bonding group boncfing the two nitrogen atoms, there may be 
mentioned compounds represented by the following general formula (IV-1). 



r' 
I 

N 



V 



I. 

A ...(IV-1) 



where M 2 has the same definition as M 2 in general formula (IV) above, and is preferably a transition metal atom of 
Group 4 of the Periodic TaWe such as titanium, zirconium or hafrtium, especially preferred is titanium 

r? and FT may be foe same wd^eirt, and have me sarro 

mis in integer of 0 to 2. 

n is an integer of 1 to 5. 

A 3 represents an atom of Groups 13 to 16 of the Periodic Table, among which there may be mentioned specifically 
boron atoms, carbon atoms, nitrogen atom* oxyg^at^ 
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atoms, selenium atoms and tin atoms. Preferred are cannon atoms and silicon atoms. When n is 2 or greater, the groups 
represented by A 3 may be the same or different 

E represents at least one atom selected from among carbon, hydrogen, oxygen, halogens, nitrogen, sulfur, phos- 
phorus* boron and silicon or substituenfs containing these atoms. When multiple groups are represented by E. the 
5 groups represented by E may be the same or different and two or more of the groups represented by E may be inked 
together to form a ring, pref erabry with the portion correspond ng to these groups forming a ri ng^xjitaining structure of 
3 to 30 carbon atoms. 

As bonding groups represented by ((EfnJA 3 ),, boncfing the 2 nitrogen atoms there may be specifically mentioned the 
following groups: 

10 -CHy. <HMe) r , -CfPn)r. -SifMeJr. -Si(Ph) r . -S(Me)(Phh -Cr^CHr. -CH^fMe^, -CHfiHfiHr, . 
CHaCHMefcCHr. -CHgCtEtfeCrV, ^HgCCnPrfcOV, -CHjAiPrfeCHsj-, -CH^nBufcCrV. -CH^BufcCrV, - 
CHaCHsBu^Hr, ^(fcPenfcCrV, ^^cHe^Hj-.-CH^Ph^s-, KJrV^XEQCHg-. 
CHjCXMeMiPrJCrV, -CHgCtMeJGBu)^-. -CH 2 C(Me)(tBijOCH 2 . | -CH 2 CKMe)pPen)CH 2 -. ^HgCfNteJffh)^-. - 
CH2C(ErJfiPr)CrV. -Cr^EWBuJCrV. -CHgCHBMiPenjCrV, -CHjCCPrJpBu)^-. -CHgWOPenJCHo-. - 

15 CHjSKMeJjCHa-, -CH^fEt)^-, -CHjSKnBuJgCrV. -OHgSKPh)^, -CHfMe^HjCHfMeh - 
CH(Ph)Cr^C^h^ 



* » 9 $ 



SS 
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Incidentally, in ftese examples Me represents methyl, Et represents ethyl, nPr represents n-propyl, iPr represents 
teopropyl nBu represents rvbutyl, \Bu represents isobutyl, sBu represents sec-butyl, tBu represents tert-butyl. I Pen rep- 
resents tsopentyl, cPen represents cyctopentyl, cHex represents cyctohexyl and Ph represents phenyl. 

p is an integer of 0 to 4. 

X 2 to the same definition as X 2 in general formuta (IV) above. When p is 2 or greater the groups represented by 
X 2 may be the same or different 

Among these are preferred halogen atoms, hydrocarbon groups of 1 to 20 carbon atoms and sulfonate groups. 

The following are specie, but not imitative exampl es of transition metal arrride compounds represented by general 
formula (IV-l)abova 
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tBu Me 

I I 
✓ ^Cl X C1 ^ ^Cl 

Me 2 Si Tt MejSi Ti Me, Si Ti 

I I 
tBu Me 



H tSu SiMes 

"^H^ ^Cl *^N' ^Cl 1 <^N / ^Cl 
I I I 
H tBu SiMes 



£)) tBu tBu 



^^H' X C1 V^M' ^Cl 

(^) tBu tBu 



CI 



so 
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tBu 
I 

Ti 

I 

tBu 



CI 
CI 



c 



/CI 

Ti 



SiMej 

< Ti 
I 

SiNes 



tBu 

/ — ^Cl 
Me? Si Ti 

\— IK V C1 
I 

t8u 



tBu 

Mei^i^ H ^ ^ci 

0 Ti 
M c V_iK ^ci 

tBu 




iPr 
IPr 



tBu 

— ' V-tK X C1 iPr-/V_i 
i 

tBu 



•CI 



6 



iPr 
iPr 



3C 



SiMe 3 

"x. /CI 
Ti 

9' N C1 
I 

SiMe 3 



tBu 

N-lK "^Cl 
I 

tBu 



tBu 
I 

HeiSi-M 



KezSi-K cl 



l 

tBu 
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In these examples, Me represents methyl, Et represents ethyl, iPr represents isopropyl and tBu represents tert- 
butyt. 

According to the invention, transition metal amide compounds wherein titanium in these compounds is replaced 
witfi zirconium a hafnium may also be used. 
46 Of the transition metal amide compounds represented by general formula (IV-1) according to the invention. Pre- 
ferred are transition metal amide compounds represented by me following general formula (IV-2), wherein R' and R" are 
each a substituted aryi youp with 1 to 5 substituents such as alkyl. 
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((En) A 3 ) 




N 




. ..(IV-2) 



where M 2 has the same definition as M 2 in general formula (IV) above, and is preferably a transition metal atom of 
&oup 4 of the Period c T&bte such as titanium, zirconium or hafnium, especially preferred is titanium. 

R 11 to R 20 may be the same or dfferent, and have the same definitions as for R 11 to R 20 in general formula (II) 
above. 

m to an integer of 0 to 2. 

n is an integer of 1 to& 

A 3 has the same definition as A 3 in general formula (IV-1) above, and is preferably a carbon atom a sfflcon atom. 
When n is 2 or greater, the groups represented by A 8 may be the same or different 

E has the same definition as E in general formula (IV-1) above, and is preferably a substituent containing one or 
more atoms selected from among carbon, hydrogen, nitrogen and silicon. When multiple groups are represented by E, 
the groups represented by E may be the same or different and two or more of the groups represented by E may be 
linked together to form a ring, preferably with the portion corresponding to these groups forming a ring-containing struc- 
ture of 3 to 30 carbon atoms. 

As bonding groups represented by ((EJA 3 ),, bonding the 2 nitrogen atoms there may be specif icafly mentioned the 
same groups given as exarrpJe6 tor general formula (IV). 

pis an integer of 0 to 4. 

X 2 has the same definition as X 2 in general formula (IV) above, and is preferably a halogen atom, a hydrocarbon 
<poup of 1 to 20 carbon atom or a sulfonate group. 

When p is 2 or greater the groups represented by X? maybethesameorcfifferent 

As specific examples of transition metal amfoe compounds repress 
be mentioned the same compounds given as examples of compounds represented by general formulas (II) and (III), but 
there is no limitation to these. 

Preferred among these transition metal amide corrpounrJs are transition metal amide compounds in which M 2 is 
titanium, A 3 in the group boncfing the two nitrogen atoms fe carbon or silicon, and n is 2 or 3. 

These conpouncte may be used sin^ 
with a hydrocarbon or halogenated hydrocarbon. According to the invention, the transition meta! amide compound (A"} 
is most preferably used in a form diuted in an afiphaiic hydrocarbon or aficydic hydrocarbon (b) as described betow. 

(fell Organoatuminum aocagmauDd 

According to the invention, the organoaluminum oxy-compound (B-1) is used as a slurry w8h the afiphatic hydro- 
carbon or aficydic hydrocarbon (b) mentioned below. 
Asspecrfcexarrplesoffteafiphatrc 
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there may be mentioned atphatic hydrocarbons such as octane, decane. 2£<fimethrtprcpane, 2-methyfoutana 2,2- 
dimethyflbutane, 2>dime*hy!butane, 2,2,3-frimet^axitane. ivpentane, 2-methytpentane, 3-rneihytpentane, 2,2-dmeth- 
yfcentane, 3,3KfmerJiylpentane, 23-dimeflirtpentane. 2,4-tfime%ipentane, rvhaxane. 2-methythexane, 3-methytiex- 
ane and n-pentane; and alicycfc hydrocarbons such as cydohexane, methyicydopentane and cfimethyfcyctopentane, 
These may also be used in a mixture 

The aliphatic hydrocarbon or aficycic hydrocarbon (b) used according to the Invention preferably has a bofl tng pd nt 
of not higher than 100 °G more preferably not higher than 90 °C and most preferably not higher than 75 °C. 

The slurry of the organoahjmin^ 
I untinum oxy-compound (B-1) in tfie aliphatic hydrocarbon or alicydic hydrocartwn (b) , and spedficaDy it may be pre- 
pared by ora of the follownng methods: 

(1) A method whereby the toluene ts distilled off from a lotuene solution of the oryanoaluntinun oxy-compound (B- 
1). and the resulting powdered organoatuminum oxy-compound (B-1) is ground and suspended in the aliphatic 
hydrocarbon or alicydic hydrocarbon (b); 

(2) a method whereby the toluene is distilled off from a tduene solution of the organoalumrium oxy-compound (B- 
1). and tie aBphatic hydrocarbon or alicydic hydrocarbon (b) is added to the resulting powdered organoalwrfnum 
oxy-compound (B-1), thereafter the organoaJummum oxy-compound (B-1) is ground; and 

(3) a method whereby a tduenesdution^ 

Irydrocarbon or alicydic hydrocarbon (b) to precipitate the organoaiuminum oxy-compound (B-1), and then the 
medium is exchanged 

The toluene solution used here for the oiyanoafun^num oxy-oompound (B*1) usually at a concentration of 0.1 to 
1 0 mdes/Trter, preferably 0.5 to 7 molester and more preferably 0.5 to 5 mdes/Trter. In terms of aluminum atoms. 

For preparation of the slurry, the afiphatic hydrocarbon or alicydic hydrocarbon (b) is used al 0.3 to 10, and prefer- 
ably 0.5 to 5 vdunies with respect tot sdution containing the organoaiuminum oxy-compound 
(B-1). 

The above explanation has been given for preparation of an aliphatic hydrocarbon or aficycOc hydrocarbon slurry 
of the organoaiuminum oxy-compound (B-1) using a toluene solution of the organoaiuminum axyH»mpound (B-1), but 
a beraene solution of the organoatunwum 
organoaiuminum oxy-compound (B-1). 

The solid organoaiuminum oxy-compound (B-1) in the slurry prepared in this manner according to the invention 
preferably has an area to weight ratio of 10 rrf/g or greater, and more preferably 100 nf/g or greater. 

According to the invention, the area to weigWratto 
< SORB-MS-12 by Quantachrome Co For measurement d the area to weidrt ratio, the aganoaluminum oxy-compound 
(B-1) is preferably dried under reduced pressure and taken up in a nitrogen atmosphere for the measurement proce- 
dure. 

Supplying the organoahmarwm oxy-compound (B-1) to the polymerization reactor as a slurry with the aliphatic 
hydrocarbon or aficycOc hydrocarbon (b) allows polymerization or ccpdymerization of olefins to be accomplished with 
a high polymerization activity. 

The olefin polymerization catalyst (4) used accordng to the inventions prepared fronUheaforer^ 
tion metal amide compound (A"*) and orgarwafurninum oocy^xynpound (B-1), but it may also contain optionally any of 
the aforementioned organometaflic compounds (B-3). Aocortfing to the invention; tiie organometallic compound (B-3) 
may be used in a form cButed with a hydrocarbon and preferatty 
cydic hydrocarbon (b) mentioned above. 

The olefin polymerization catalyst (4) used for the olefin pdymerization process of the present invention comprises 
the aforementioned component (A™), component (B-1) and optionally, component (B-3). Fig. 4 shows an embodiment 
of an olefin polymerization step using the olefin pdymerization catalyst (4). 

The method of use and order of adaption of each of the components may be selected as desired for the polymeri- 
zation, but the following methods may be presented as embedments: 

(1) A method whereby component (A'") and a slurry of the aliphatic hydrocarbon or alicydic hydrocarbon of com- 
ponent (B-1) [hereunder referred to as "component (B-1) slum/! are added to the pdymerization reactor in the 
desired order; 

(2) A method whereby component (Al and the component (B-1) slurry and component (B-3) are added to the 
polymerization reactor in fce desired order; 

(3) A method whereby a catalyst obtainable by pre-contacting component (A") and the component (B-1) slurry are 
added to the polymerization reactor; 

(4) A method whereby a catalytic component obtainable by pre-contacting component (A~) and the component (B- 
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1) slurry, and opponent (B-3) are added to the polymerization reactor in the desired order; 

(5) A method whereby a catalyst obtainable by pre-contacting component (A"), the component (B-1) slurry and 
component (B-3) is added to the polymerization reactor; and 

(6) A method whereby a catalytic component obtainable by pre<ontacting component (A"), the component (B-1) 
slurry and component (B-3), and anomer component (B-3) are aided to the polymerization reactor In the desired 
order. Here, the two components (B-3) may be the eame or different 

According to the Invention, the polymerization may be accomplshed by either a BqukJ phase polymerization proc- 
ess induing solution poiyrnerization and suspension polymerization, or gas phase polymerization process, but Bquid 
phase polymerization is preferably emptoyed 

As inert hydrocarbon mediums used tor Squid phase polymerization there may be specifically mentioned the same 
inert hydrocarbon mediums used for fte process tor preparing olefin polymers using the olefin polymerization catalyst 
(1) mentioned above, and the olefin compound Hsetf used for the polymerization may also be used as the solvent. 
Among these inert hydrocarbon mediums are preferred aliphatic hydrocarbons and alicydic hydrocarbons. The a-de- 
fin, alicydic vinyl cx>mpourKl a qrdk; defr themselves used tor the polymerization is preferably used as the solvent 

For liquid phase polymerization, the concentration of component (A~) in the reaction system is usualy 10" 3 to 10" 2 
mdee, and preferably 1 0 7 to 1 CT 3 moles, to one liter of the polymerization vofuma 

Component (B-1 ) is usually used in an arroum such that the aluinmm 
metal atoms (M) In component (A~) are in a molar ratio [(B-1)/M] of 10 to 5000, and preferably 20 to 2000. 

Component (B-3) optionally used is usually used in an amount such that component (B-3) and the transffion metal 
atoms (M) in the component (A~) are in a molar ratio [(WyMJ of 0.01 to 5000, and preferably 0.05 to 2000. 

The polymerization temperature is usuatyh the range of ^ 
zation pressure is usually from normal pressure to 100 kg/tm 2 , and preferably from normal pressure to 50 Kg/cm 2 , and 
the polymerization reaction may be carried out by a batch-wise process, semiKOTtinuous process or continuous proc- 
ess. The polymerization may also be divided into 2 steps, each of which has a different reaction condition. 

The molecular weight of the resulting olefin polymer may be adjusted by adding hydrogen to the polymerization 
system, or by changing the polymerization temperature. 

As olefins which can be polymerized with such olefin polymerization catalysts (4) there may be mentioned the 
same crtrfefins of 2 to 20 carbon atoms, aromatic vinyl compounds, alicydic vinyl compounds. cycOc olefins, linear pol- 
yenes of 4 to 20 carbon atoms and cycOc polyenes whk* were mentioned as olefins which ^ 
olefin polymer i z a t ion catalyst (2). 

These olefins may be used singly or in combinations of 2 a mora 

EFFECT QF THE INVFNTION 

" By using the olef in polymerization catalyst (1) ft is posstte to produce olefin polymera wttriexeellent pofymerfeatioa. 
activity. 

Byjjwmg the olefin polymerization cata^ 
activity and ranwrncriecular weight {fstrfcutions. It is ateo possfcle to obtain olefin copolymers wim narrow corrposi- 
tion distributions when 2 or ^mofMt|^^copolymerized. 

By using the olefin poiyrnerization catalyst (3f it is posstte to, produce aromatic vinyl compounds/a-olefin copoly- 
mers, etfiylenera-olefln copolymers, a-olefln random copolymers and cydic oletirvb^ed copolymers, with excellent 
poiyrnerization activity. 

According to the process for preparing olefin polymers according to the invention whereby an organoaiuminum oxy- 
compound is added to foe polymerization system as a slurry of an aiphatic hydrocarbon oraBcydichytiiocaibu i . rt is 
possible to produce olefin polymers wrtin higher polyinerization.actrvity than by addition of an organoaluminum oxy-com- 
pound to the polynwizafion system as a solution in an aromatic hydrocarbon. In adcJtion, there is no problem of resad- 
uafaodbBiatepo^^ 

EXAMPLES 

The present invention wffl now be explained in greater dotal in reference to examples, and rt is construed that the 
invention is in no way limftad to these examples. 
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< Synthesis of 1 ,8*fe(phonytamki8)naphlhalen8 titanium dichtoride) 

5 To a 1 00 rrt-gtess container thoroughly purged wfth nitrogen was fed 0.4320 g (1 .392 mflDmoles) of 1 ,8*is(pheny- 
lanrtkte)naphthalene. and it was dissolved in 10 ml of xylene. Titanium tetrachloride was then added and the mixture 
was heated at 160 °C for 9 hours. The irrpurities of the reaction solution were removed with a glass fitter. The solution 
was (totaled off from the f 

solution and purification yielded the target substance. The resu^tarp* 
10 to be the target substance represented by formula (a) below. 
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IH-NMFKCDCI3): 6.10 (d,2H), 7.54 (i,2H) f 7.58 (d.4H), 7.65 (t,2H), 7.70 (d^H), 7.71 (t,4H) 




(Preparation of catalyst solution) 

To a glass container thoroughly purged with nitrogen wasted 2.14 mg of 1 ,8-b^henytan^e)naprrthalene titanium 
dichlorida lb the container was then added 0.78 ml of a toluene solution of methylaluminoxane (Al: 1 .60 molester) to 
<o obtain a catalyst solution. 

(Polymerization) 

To a 300 mhglass flask thoroughly purged wtm nitrogen was introduced 30 ml of 1 -hexene, and the system terrper- 
46 ature was raised to 60 °C. TTien. 125 mfflrmdes of methyfalurrinoxane and 0.78 ml (0.005 mfflmoles in terms of Ti) of 
the catalyst solution prepared above were added, to initiate polymerization. Thereafter, a system temperature of 60 °C 
was then maintained tor 6 minutes of polymerization. The polymerization was termiru^ 

of isobutyi alcohol to the system. The resulting polymer solution was cfried under reduced pressure to remove the unre- 
ached 1 -hexene, and ttien dried overnight under reduced pressure at 80 °C As a result there was obtained 4.9 g of a 1- 
so hexene polymer (polymerization actMty: 9.8 kg/rnmoi Tixhr). 

Example 2 
(Polymerization) 

55 

To a 300 mH^ ftek thoroughly p^ 
ature was raised to 60 °a Thea 0.02 rrflOm^ 

toluene solution of l l 8^3^enytamide)napHhalene titanium dichtoride were added, and further 0.01 mlimoJe of 
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trphenylcarbenwm tetraKis(p8ntafkjoroph9nyf) borate was introduced to initiate polymerization. Thereafter, a system 
temperature of 60 °C was maintained for 6 minutes of polymerization. The polymerization was terminated by addition 
of a small amount of isobutyi alcohd to the system. The resulting polymer solution was dried under reduced pressure 
to remove the unreacted 1 -neocene, and then dried overnight under reduced pressure at 80 *C. As a result there was 
obtained 9.1 g of a 1-haxene polymer (polymerization activity: 18.2 hg/rnmol Tixhr). 

Synthesis Example 2 

( Synthesis of brs(pftoi ^ytarnidornethyi)di methytsilyl ene titanium (Schioride) 

In a 300 mJ-giass flask thoroughly purged with nftrcxjen was cBssctf^ 
of aniline in 1 00 ml of tetrahydrofuran, there were further added &3 ml (0.0431 mflnmole) of bis(chJoromethyf)(fimethyf- 
silane and 13,4 ml (0.0888 ndBmole) of N,N,N\ ^etrame^ethytenecfernine. The solution was men reacted in tet- 
rahydrofuran for 6 hours under reflux o on d tio ns . After the reaction, 50 ml of water was added and the organic phase 
was recovered wifli a separator/ funnel. After adding 14 ml of hydrochloric acU^ 

hydrochloride with ether and drying, extraction was performed wrth methylene chloride After addng an aqueous solu- 
tion of sodium hydrogen carbonate to the extract, the organic phase was recovered wfth a separatory funnel. The 
organic phase was purified with a sffica gel column to give 0.76 g of compound (b). 

1 h+^MR(CDCl3): 022 (s), 2.55 (s), 6.61 (d), 6.68 ». 7.13 ffl 

Tba 100 mi-glass container thoroughly purged with nitrogen were fed 0.41 46 g (1 .534 miflimoJes) of the compound 
(b 1 ) and 10 ml of ether. The obtained mixture was cooled to -78 *C, then, 1.92 (3.072 mffimoles) of a haxane solution 
of butylfithium was added dropwfee. After raising the temperature to room terrpara^ 

°C and 0. 1 7 ml (1 .550 mflimoles) of titanium tetrachloride was added. After again raising the temperature to room tem- 
perature with stirring, ether extraction was performed and the solvent was distilled off from the extract under reduced 
pressure to give 0.51 g of fre target substance represented by formula (b) below. 



Example 3 

(Preparation of catalyst solution) 

To a glass container thoroughly purged with nitrogen was fed 1.94 mg d bis(phenytanKtornethyf) dmetfiyteSylene 
titanium dichtorida To ftie contarorwasacfcfod 0.78 ml of a toluene solution 
to obtain a catalyst solution. 

(Polymerization) 

To a 300 mi-glass flask thoroughly purged with nitrogen was fed 30 ml of 1 -hexene, and the system temperature 
was raised to 60 °C. Then, 1 .25 rrtlGmoles of metfiyialumirwxane and 0.78 mi (0.005 mtllmole in terms of Ti) of the cat- 
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alyst solution prepared above were introduced, to initiate polymerization. Thereafter, a system temperature of 60 °C 
was then maintained for 6 minutes of polymerization. The polymerization was terminated tyadcfition of a small amount 
of isobutyl alcohol to the system. The resuffing poryrrwsoliitk^ remove the unre- 

acted 1 -tiexene. and fien dried overnight under reduced pressure at 60 *C. As a result there was obtained 0.8gofa1- 
hexene polymer (polymerization activity: 1.6kgAnmolTlxhr). 

Example 4 

To a 500 mJ-glass autoclave froroughly purged witfi nitrogen was introduced 250 ml erf toluene, and after passing 
through an ethylene flow at 100 Stem/hour, it was allowed to stand at 25 °C for 10 minutes. Then. 1.25 rriilimotesof 
methylaluminGxane in terms of aluminum atoms was added, followed by addition of 0.005 mfltimole of tie titanium 
amide compound (A-1 ) represented by formula (c) below, to initiate polymerization. Ethylene gas was continuously fed 
at rate of 1 00 liters/hour, and polymerization was performed under normal pressure at 25 °C for one hour. The polym- 
erization was terminated by addition of a small amount of methanol . The polymerization reaction solution was added to 
a large excess of memanol/hydrochlonc acid solution, and the resulting polymer was dried under reduced pressure at 
1 30 °c fori 2 hours. This restited In 1.9 g of polymer. 




To a 500 mi-glass autoclave thoroughly purged with nitrogen was introduced 250 ml of toluene, and after passing 
through an ethylene flow at 100 liters/hour, it was allowed to stand at 25 °C for 10 minutes. Then, 0.5 milBmole of tri- 
isobutylammonium, 0.005 rniffimole of the titanium amide compound (A-1) represented by formula (c) above, and 0.008 
mi Hi mole of triphenyterbenium tetrakm pentaftuorcphenyl borate were added in that order, to initiate polymerization. 
Ethylene gas was continuously fed at rate of 100 liters/hour, and polymerization was performed under normal pressure 
at 25 *C for one hour. The polymerization was terminated by adeffiion of a smal amount of methanol. The polymeriza- 
tion reaction sotufton was acfoed to a large excess of rr^^ 

dried under reduced pressure at 130 °C for 1 2 hours. This resulted in 1 .7 g of polymer. 

Comparative Example 1 

Ethylene was polymerized in the same manner as Example 4, except mat the titanium amide compound (A-2) rep- 
resented by formula (d) below was used instead of the thanium amide oompound (A-1) In the polymerization of Example 
4. This resulted in 0.2 g of polymer. 
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Example 6 

To a 500 mKQM^ thoroughly purged wr^ 
ethyl ene/lxopytene mbced gas flow (70 liters/hr, 80 Gters/hr, respectively), ft was allowed to stand at 25 °C for 10 rrfn- 
utes. Than, 1 .25 mflBmoJe6 of methytaJurrinaxane in terms of aluminum atoms was added, foflowed by adcfition of 0.005 
maiimote of the titanium amide confound (A-1 ) represented by formula (c) above, to initiate polymerization. The ethyt- 
enafcropylene mixed gas was continuously ted, and polymerization was performed under norma) pressure at 25 °C for 
one hour. The polymerization was terminated by addition of a smafl amount of methanol. The polymerisation reaction 
solution was added to a large excess of methanol/hydrochforic acid solution, and the resulting polymer was dried under 
reduced pressure at 130 °C for 12 hours. This resulted In ^3 g of polymer having an ethylene content of 84% by mole. 

Example 7 

To a 500 rrt-giass autoclave thoroughry purged with nitrogen was introduced 250 ml of toluene, followed by 5 ml ol 
1 -octene and passing through an ethylene gas flow at 100 trtersrtxxr, it was allowed to stand at 25 °C foMO minutes. 
Then, 1 .25 rrriflimoles of rrrathyfalurrtinQxane in terms of aluminum atoms was added, followed by addition of 0.005 mil- 
limole of the titanium amide compound (A-1) represented by formula (c) above, to initiate porymerizatioa The ethylene 
gas was contirtuousry fed at rate of 100 liters/hour, and polymerization was performed under normal pressure at 25 °C 
for one hour. The polymerization was terminated by adcftion of a small amount of methanol The polymerization reac- 
tion solution was added to a large excess of methanolyhydra^loric acid solution, and me resulting polymer was dried 
urrterrediiced pressure at 130°^ 2.1 g of polymer raving an ethylene content of 95% by 

moia 

Exanpte 8 

To a 100 ml-glass autodave thoroughly purged with nitrogen was introduced 20 ml of heptane, followed by 20 ml 
of styrene, and the liquid phase and gas phase were saturated with ethylene. To the autoclave was added 1 milimole 
of methytafuminaxane in terms of aluminum atoms, followed by addition off 2 mforomoles of the titanium amide com- 
pound (A-8) represented by formula (e) below, to Initiate polymerization. Polymerization was conducted at 25 °C for one 
hour under a normal pressure ethylene gas atmosphere. Then, the polymerization was terminated by addition of a small 
amount of methanol. The polymerization reaction solution was added to a large excess of methanol/hydrochtoric acid 
solution to precipitate the polymer. The resulting polymer was extracted with chloroform at room temperature and then 
the (^oroform-soJubJe portion was extracted with acetone at room temperature This resulted in 0.93 g of ethylene/sty- 
rene copolymer with a styrene content of 7% by mole, as the acetone-insoluble portion. 
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Example 9 

Ethylene and styrene were (^polymerized in the same manner as Example 8, except that the amount of heptane 
was changed from 20 ml to 30 rrt and the amount of styrene was changed from 20 rrt to 1 0 ml in the polymerization of 
25 Example 8. The extraction of the produced polymer was also carried out as in Exanrpte 8. This resulted in 1.27gof eth- 
yfenetetyrene copolymer with a styrene content of 5% by mole. 



ao Ethylene and styrene were copofymerized in the same manner as Example 8, except that 2 rricromoles of the tita- 
nium amide compound (A-4) represented by formula (f) below was used instead of the titanium amide compound (A-3) 
in the polymerization of Exanple 8. The extraction of the produced polymer was also carried out as in Example 1. This 
resulted In 1.18 g of ethytenatetyrene copolymer with a styrene content of 8% by moie. 



40 
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To a 200 ml-glass autoclave thoroughly purged with nitrogen was introduced 60 ml erf heptane, followed by 40 ml 
of 1 Neocene, and passing through an ethylene gas 

To toe autoclave was added 1 maSmde of methytakininoxane In terms of aluminum atoms, followed by addition of 2 
micromoles of the titanium amide compound (A-3) represented by formula (e) above, to initiate polymerization. The eth- 
ylene gas was continuously fed at rate of 10 GtersVhour, and polymerization was performed under normal pressure at 
25°Ctor2rrtaute&Thepofyrn«^ The polymerization 

reaction solution was added to a large excess of methanol/riydrotftoic add solution, and the resulting polymer was 
dried under reduced pressure at 130 °Ctor 12 hours. This resulted in 3.3 g of polymer having a (n) of 0.58 dVg and an 
ethylene content of 12% by mole. 

Banaam 

To a 200 ml-glass autoclave thoroughly purged with nitrogen was introduced 60 ml of heptane, followed by 40 mJ 
of 1-hexene and passirxj through an ethtf^ 

To the autoclave were added 0.5 mfllimde of tms<±ittylalurrOT«n, 2 rrtcromoles of toe titanium amide compound (A-3) 
represented by formula (e) above, and 3 micromoles of triphenytarberium tstrakispentafluorophenyl borate in that 
order, to Initiate polym^teatioa The ethylene gas was continuously fed at r^ 

performed under normal pressure at 25 °C for 2 minutes. The polymerization was terminated by adeftion of a small 
amount of methanol. The polymerization reaction solution was added to a large excess of rnethanol/hydro<*k)ric add 
solution, and the resulting polymer was dried under reduced pressure at 130 °C tor 12 hours. This resulted in 3.5 g of 
polymer having a (n) of 1 .48 cfl/g and an ethylene content of 10% by mole. 

Example 13 

Ethylene and 1 -octane were coporymerized in the same manner as Example 1 1 , except that 40 mi of 1 -octene was 
used instead of the 14iexera^ 
dl/g and an ethylene content of 14% by mole. 

Example 14 

Etfylene and 1 -octene were oopolymerlzed in the sarne manner as Example 12, except tta 
used instead of the 1-haxene in the polymerization d Example 1 2. Thfe^ 
cfl/g and an ethylene content of 1 1% by mole 

Example 15 

Ethylene and 1 -hexene were copolymerized in the same manner as Example 1 1 , except that 2 micromoles of the 
titanium amide corrpound (A-5) represented by formula (g) below was used instead of the titanium amide compound 
(A-3), and the polymerization time was 5 minutes, in tie polymerization of Example 11,. This resufted in 2.9 g of poly- 
mer having a ft) of 0.37 cfl/g and an ethylene content of 1 0% by mde. 
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Ethylene and 1-hexene were copofymerized in the same manner as Example 12, except that 2 micromoSes of the 
titanium amide compound (A-5) represented by formula (g) above was used Mead of the titanium amide compound 
(A-3), and the polymerization time was 5 minutes, in the porymerizatkm of Example 12. This resulted In 3.1 g of polymer 
havoig a (nj of 1 .24 <M/q and an ethylene content of 10% by mote. 

30 



Ethylene and 1-haxene were copolymerized In me same manner as Example 11, except that 2 rrtcromoles of the 
u- titanium compound (A-4) represented by tormula (f) above was used instead of the titanium amide compound (A-3) in 
ss the polymerization of Example 1 1 . This resulted in 3. 1 g of polymer having a (n) of 0. 51 dl/g and an emyiene content of 
10% by mole. 



40 Ethylene and 1 -hexane were copolymerized in the same manner as Example 12, except that 2 micromoles of the 
titanium amide compound (A-4) represented by formula (f) above was used instead of me titanium amide compound (A- 
3) In the porymerfzation of Example 1 2. This resulted in 3.8 g of pdymer having a ft) of 1.39 d/g and an ethylene con- 
tent of 9% by mole, 

46 Example 19 

To a 2 liter-stainless steel autoclave thorougly purged with nitrogen was introduced 800 ml of hexane, Mowed by 
200 ml of 1 -hexane, the system temperature was raised to 40 °C. Then, 1 rrtifimoie of methyiaturninoxane in terms of 
aluminum atoms and 02 rrocromote of the titanium amide compound (A-3) represented by formula (e) above were 
so injected Into the autoclave together with ethylene, to initiate polymerization. Thereafter, ethylene was continuously fed 
to kBep me total pressure at 8 lg/lcn^ 

was terminated by injection of a small amount of memanoL Theporymerization reaction solution was added to a large 
excess of methanoi/riydrahlonc add solution, and me resulting polymer was dried under reduced pressure at 1 30 °C 
for 12 riours. This resufted in 16^ gd polymer having 

55 

Example 20 

To a 200 mhglass autoclave thoroughly purged wim nitrogen was m 
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1-hexene and passing throu^ a propylene gas fkMt at 10 DtsrsAiour, it was allowed to stand at 25 ^ for 20 minutes, lb 
the autoctavae was added 1 mifemole of methytaluminoxan* in terms of aluminum atom, followed by addition of 2 
mfcromoles of the titanium amide compound (A-3) represented by formula (e) above, to initiate polymerization. The pro- 
pylene gas was corttinuousiy led at rate of 10 friers/hour, and potynwizaticn was performed under norma) pressure at 
25°Cfor2rTimjte&Tr»potyrr^ 

reaction solution was added to a large excess of rnetharatf/hydroch^ add solution, and the resulting polymer was 
died under reduced pressure at 130 °C for 12 hours This resulted in 1.9 g of polymer having a fa) of 0.39 cfl/g and a 
propylene contentof 9% by mole. 

To a 200 ml-glass aiitodave thoroughly purged with nitrogen was introduced 60 mi of heptane, followed by 40 m! 
d 1-hexene arid pa^ng through a propylene °C tor 20 minutes. 

To the autoclave were added 0.5 miOimde of tnlsobutyfalurninum, 2 mfcromoles of the titanium amide compound (A-3) 
represented by formula (e) above, and 3 mfcromoles of triphenyicartoenium tetrakKpentaffejorophenyl borate in that 
order, to Initiate polymerization. The propylene gas was continuously fed at rate of 10 Irters/hour, and polymerization 
was performed under normal pressure at 25 # C for 2 rrimites. Tte polymeria 

amount of methanol. The potyrnerisation reaction solution was added to a large excess of metharKJl/rrydrochioric acid 
solution, and the resulting polymer was dried under reduced pressure at 130 °C tor 12 hours. This resulted in 2.3 g of 
polymer having a fa) of 1 ,18 dfc and a propylene content of 8% tyrnole. 

Example 22 

Propylene and 1-haxene were copolymerized in the sarne manner to 
titanium amide compound (A-5) represented by formula (g) above was used instead of the tftanfum amide compound 
(A4), and the polymerization tiro 20. This resulted in 1. 7 g of polymer 

having a fa) of 0.31 dtfg and a propylene content of 8% by mole. 

Example 23 

Propylene and 1-hexene were ccpolymerized in the same manner as Exai^ 
titanium amide compound (A-$) represented by formula (g) above was used instead of the titanium amide compound 
(A-3), and the polymerization time was 5 minutes, in fte polymerization of Example 21 . This resulted In 1 .8 g of polymer 
having a fa) of 0.98 dVg and a propylene content of 8% by mole. 

Example 24 

Propylene and 1-octene were copolymerized in the same manner as Example 20, except that 40 rrt of 1-octene 
was used instead of 1-nexene, and2 miaomcles of the titanium amid compound (A-4) represented by formula (f) above 
was used instead of the titanium amide compound <A-3) m the potym^ 
polymer having a fa) of 0.36 cfl/g and a propylene osntentof 10% by mole. 

Propylene and 1 -octane were ajpolyrnerized in the same manner as Example 21 . except that 40 ml of 1 -octene 
was used instead of 1-hexene, and 2 mfcromoles of the titanium amide compound (A-4) represented by formula (f) 
above was used instead of the titanium amide compound (A-3) in the polymerization of Example 21. This resulted in 
2.7 g of polymer having a fa) of 1 .07 dfe and a propylene contort of 10% by 

Example 26 

1 -butene and 1 -hexene were a>porymerized in the same manner as Example 20. except that a 1 -butene flow of 1 0 
fter&mour was passed through ir^ rep- 
resented by formula (f) above was used instead of the titanium amide compound (A^), in the polymerisation of Exam- 
ple EX This resulted in 1.7 g of polymer having a (r^ 
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Example 27 

To a 100 ml-tfass autoclave thoroughly purged with nitrogen was irrtoduced 20 ml of a cyctohexane solution con- 
taining a 0.43 gflrrt (x>ncentration of rrcrtxrnene, and me liquid phase and gas phase were saturated with ethylene. To 
the autoclave was added 1 millmde of maAytakjminoKro 

moles of the titanium amide compound (A-3) represented by formula (e) above, to initiate polymerization. Polymeriza- 
tion was performed at 25 °C for 1 hour under a normal pressure ethylene gas atmosphere. Then, the polymerization 
was terminated by addition of a small amount of rnethand. The polymerization reaction solution was added to a large 
excess of methanoyr^rochionc acid solution, and the resutting polymer was died under reduced pressure at 130 *C 
for 12 hours. This resulted in 1.5 g of polymer having a nortxxnene content of 47% by mote. 

GQraaafcflBatfgtea 

Ethylene and norbomene were copdymerized in the same manner as Example 27, except that 2 mfororndes of 
bis(rHXrtyf)amjde titanium trichloride was used instead of the titanium amide compound (A-3) in the porymerizafion of 
Example 27. This resulted in 0.16 g of polymer haviig a norbornene content of 36% by mda 

Example 28 

To a 1 00 mf-gfass autoclave tfiorougWy purged with nitrogen was introduced 10 ml of cydohexane, followed by 10.5 
g of tetraqrdo(4A0.1 2 ^l 7 ^-3-dodscene (hereunder abbreviated as TCD"). and the Squid phase and gas phase 
were saturated with ethylene, lb me autoclave was added 1 mOlimole of metriylaJumnoxane in terms of aluminum 
atoms, foiowed by addition of 2 rraororrioles of the titanium amide compound (ArS) represented by formula (e) above, 
to initiate polymerization. Polymerization was performed at 25 °C for 1 hour under a normal pressure ethylene gas 
atmosphere. Then, the polymerization was termianted by addition of a small amount of methanol. The polymerization 
reaction solution was added to a large excess of melhanol/hyxfaochloric acid solution, and the resulting polymer was 
dried under reduced pressure at 130 °C for 12 hours. This resulted in 1.1 g of polymer having a TCD content of 44% by 
mole. 

Example 29 

Ethylene and norbomene were copdymerized in tfie same manner as Example 27, except that 2 rttforomoles of the 
titanium amide compound (A-4) represented by formula (f) above was used Instead of the titanium amide compound (A- 
3)inthepdymeriza^ 

Example 30 

(Preparation of hexane slurry of methylalunrcnoxane (b-1)) 

To a 500 ml-gfess reactor equipped with a stirrer Hade was introduced 1 00 ml d a toluene solution of methytafurri- 
noxane (1.5 moles/liter in terms of aluminum atoms) under a nitrogen atmosphere, and then 100 ml of nitrog en- 
replaced hexane was added dropwise over one hour at room temperature while stirring. After filtering the resisting sdid 
methytaiunrtnoxane, tt was washed with hexane and dried under reduced pressure, and all except a portion to be used 
for analysis was suspended in hexane to prepare a hexarwslwry of rriethyW 
aluminum atoms). The area to weight ratio of trie methyteluminoxana was 180 m?/g. 

(Polymerization) 

To a 200 mVglass autoclave thoroughly purged with nitrogen was introduced 75 ml of heptane, followed by 25 mi 
of 1-octene, and passing through an ethylene gas flow at 10 liters/hour and 9 was kBpt at 50 °C for 20 minutes. To the 
autoctave was added 1 ml of the hexane slurry of mefrylaiumincxane (b-1 ) obtained above, followed by actftion d 2 ml 
of a heptane solution of the titanium amide compound (A-6) represented by formula (h) below (1 mffirmde/fter), to ini- 
tiate polymerisation. The ethylene gas was continuously fed at rate d 1 0 Ifters/hour, and polymerization was performed 
under normal pressure at 50 °C for 2 minutes. The polymerization was terminated by acfcftion of a small amount of 
methanol The polymerization reaction solution was added to a large excess of methand/hydrocMoric acid solution, 
and the resulting pdymer was oried under reduced pressure at 1 30 °C for 12 hours. Thfe resulted h 3.4 g d polymer 
having a fa) of 0.39 d/g and an ethylene content of 13% by mda 
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To a 20 mi-glass container thoroughly purged with nitrogen was introduced 2.5 ml of the haxane slurry of methyia- 
luninaane (b-1) obtained In Example 30. and than 1 mJcromole of Ws(bis(trimethytsiryl)amide] zirconium cOchloride 
OMesaVifeZrCy was added thereto arri the mixture was stin*ed tor 5 rrtnutes to 

Separately, to a 1 liter-stainless steel autoclave thoroughly purged with nitrogen was Introduced 300 ml of heptane, 
followed by 100 ml of 1+exene, and the system temperature was raised to 40 # C The total amount of the aforemen- 
tioned precontacted catalyst (a-1) was then injected with ethylene to initiate pcrymerization. Ethylene wss continuously 
fed to keep the total pressure at 5 kgfcrrf-G, and poryrnerization ws performed at 70 °C for 30 minutes. The polymeri- 
zation was terminated by addition of a small amount of methanol by injection. The polymerization reaction solution was 
added to a large excess of methanol/hydrochtoric acid solution, and the resulting polymer was dried under reduced 
pressure at 130 °C for 12 hours. This resulted in 4.8 g of an ethylene/1 -neocene copolymer having a ft) of 2.7 cfl/g. 

Example 32 

lb a 500 mf-gtase autoclave thoroughly purged with nitrogen was introduced 250 mJ of heptane, and passing 
through an ethylene gas flow at 100 Gters/hour, it was allowed to stand at 25 °C for 10 minutes. Then, to the autoclave 
was added ml of frehexara slurry 

of a heptane solution of the titanium amide compound (A-7) represented by formula (i) below (1 mfflimotefiter), to inrtn 
ate polymerization. The etrtylerw gas was cortirujoijsly fed ^ rate of 100 Dters/hour, and porymertzatfon was penfcrrned 
under normal pressure at 25 °C for 30 minutes. The polymerization was terminated by addition of a small amount of 
methanol. Trie polymerisation reaction solution was added to a large excess of methanol/hydrochtoric acid solution, 
and the resulting polymer was dried under reduced pressure at 130 °C for 12 hours. This resulted in 3.8 g of polymer. 
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Example 33 



To a 200 mi-glass autoclave thoroughly purged with nitrogen was introduced 75 nil of heptane, Mowed by 25 ml 
of 1-octene. This was allowed to stand at 50 ^. Thea to the aytodave was added 1 ml of the hexane slurry of msthy- 
lalurrincwane (b-1 ) obtained in Example 30, Mowed by adeftion of 2 mJ of a heptane solution of the titanium amide 
compound (A-4) represented by formula (f) above (1 mifflmote/Hter), to Initiate polymerization Polymerization was per- 
formed under a norma) pressure nitrogen atmosphere at 50 *C for 2 minutes. Then, the polymerization was terminated 
by addition of a small amount of methanol. The polymerization reaction solution was added to a large excess of meth- 
arwi/hydrochtoric add solution, and the resulting polymer was dried under reduced pressure at 130 *C tor 12 hours. 
Thisrestfted in 2.8 g of polymer having a (n) of 0.36 dl/fc. 



Toa200m^glass autoclave thoroughly pirged with nitrogen was Introduced 75 ml of heptane, folowed by 25 ml 
of l-octen&ThiswasalowedtostaridatSO^C. Then, to the autoclave was added 1 rrt of the hexane slurry of methy- 
lalurrinoxane (b-1) obtained in Example 30, followed by addition of 2 ml of a heptane solution of the titanium compound 
(A-3) represented by formula (e) above (1 mfflimole/Bter), to Mate polymerization. Polymerization was performed 
under a normal pressure nitrogen atmosphere at 50 *C for 2 minutes. Then, the polymerization was terminated by addi- 
tion of a small amount of methanol The polymerization reaction solution was added to a large excess of metha- 
nol/hydrochloric add sokition, and the resufting polymer was dried under reduced pressure at 1 30 °C for 1 2 hours. This 
resulted in Z4 g of polymer having a (n) of 0.44 tifa. 

Example 35 

(Preparation of decane slurry of methyialuminoxane (b-2)) 

To a 500 mi-gtass reactor equipped with a stirrer blade was introduced 100 ml of a toluene solution of methytahimi- 
noxane (1.5 moles/1 iter in terms of aluninum atoms) under a nitrogen atmosphere, and then 100 mJ of nitrogen- 
replaced decane was added dropwise over one hour at room temperature while stirring. The toluene was distiled off 
from the resufting so6d methylalumrocane slurry under reduced pressure (45 °C, 10 mmHg). Decane was added 
thereto to prepare a decane slurry of methyialuminoxane (b-2) (0.9 mdarffter in terms of aluminum atome). The area to 
weight rato of the methylaluminaxane was 180 rrr^/g. 

(Polymerization) 

1«x*ene was polymerized in the sar^ 
lumhaxane (b-2) obtained above was used Instead of the haxane slurry of methyialuminoxane (b-1) In the polymeriza- 
tion of Example 34. TKs resulted in £3 g of polymer having a (ti) of 0.42 dtfg. 



Example 34 
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1 -octane was polymerized in the same manner 88 Example 34, except that no heptane was used, and 1 00 ml of 
the 1-octene monomer was used as the polymerization solvent in Example 34. TTis resumed in Z6 g of polymer having 
s a(q)of0.49(fl4. 

Claims 

1. An olefin polymerization catalyst comprising: 

10 

(A) a metal amide compound represented by general formula (I) below and at least one cooatatyst selected 

from among 

(B) 

is (B-1 ) organoaiuminum axy-compounds, 

(B-2) compounds which react with said metal amide compound (A) to form ion pairs, 
and 

(B-3) organometaliic compounds, 



25 



R 1 — H ,N— R 1 



V 



where M 1 represents a transition metal of Group 4 or Groups 8 to 10 of the Periodic TaJWe, R 1 represents 
a hydrocarbon group of 1 to 1 5 carbon atoms, the two R 1 groijjs being the same or different and R 2 rep- 
resents a divalent bonding group selected from among general formulas (a) and (b) below: 





(a) 



where X 1 represents a siQoon-contairang divalent group, a germaniunvcontaining divalent groua a tin-con- 
toning cfvaJent grouft -O, -GO. -S-, -SO, -SO*-, -CCR^^-S^XR 32 ^- (where R 31 and R* 2 are each 
hydrogen atom, the same or cffferent alkyl gnxpe or are (inked together to form a ring of 3 to 30 carbon 
atoms.andpandqare1cr2) > -NCR 5 )-, CfR^VfMXR 34 ^- (where R 83 and R 34 are each hydrogen atom, 
the same or different alky! groups or are I inked together to form a ring of 3 to 30 carbon atoms, and r and 
s are 1 or 2), -PfR 5 )-, -PfOHR 5 )-. -B(R 5 )- or -AI(R*); R 5 and R 6 may be the same or di ffer e nt and each rep- 
resents a hydrocaibon (protp of 1 to 20 carbon atoms, a hatogenated hydro 
atoms, a hydrogen atom or a halogen atom; 

and when R 1 Is a (substituted) phenyl group, at least one of the groups represented by R 5 or R 6 is not a 
hydrogen atom; m rs 1 cr 2, the muft^teR 5 groups and R 6 groups e^ may be trm same or different 2 or 
more of the groups R 6 and R 6 may be linted to form a ring; 
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and when mis 1, R 6 Is tnked to Its acfjacent R 5 to form a mononuclear or pdynudear aromatic ring); and 
each R 3 may be the same or different, with each representing a hydrocaiton group of 1 to 15 carbon 
atoms, a hydrogen atom or a halogen atom, and the muttiple R 3 groips being the same or different 

2. An defin polymerization catal^ 

(A) a metal amide compound represertedbythegef^fbrn*ria(l)abcve(B) 
(B) 

(B-1) an organoaJuminum oxy-compound and/or (B-2) a compound which reads with said metal amide 
compound (A) to form an ton pair, and optionally, 
(B-4) an organoaluntinum compound. 

3. An olefin porymerization catalyst as daimed in ctaim 1 or 2, wherein R 1 of the generai formula (I) is a hydrocarbon 
group with an aromatic ring. 

4. A process tor producing an olefin polymer, comprising horropolymerizing an olefin, or copolymer izing 2 or more 
define, in the presence of an olefin polymerization cartaryst 

5. An olefin polymerization catalyst comprising: 

(A*) a transffion metal amide compound represented by general formula (I I) below and at least one compound 

selected from among 

(B) 

(B-1) organoaiurninum oxy-ccmpounds, 

(B-2) compounds which react with (he transition metal amide compound (A) to form ion pairs, 
and 

(B-3) organometaic c om p ou n d s , 




where M 2 represents a transition metal atom of Groups 3 to 6 of the Periodic Table; 

R 11 to R 2 * may be the same or drfterem. and each represents a hydrogen atom or halogen atom, a 
hydrocarbon group, haiogenated hydrocarbon groip, organosflyl grotp, ataxy group or arytoxy gnxp, 
-COOR 21 , -NCR^CXOJR 23 . -OCHOJR 24 , -CN, ^R^or-NfR^O^R 27 (where R 21 toR 27 represent 
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afkyl groups of 1 to 5 carbon atoms), at least one dR 11 to R 15 Is a group ofter than a hydrogen atom^ 
at feast one of R 16 to R?° is a grotp otter than a hydrogen atom, at least 2 of the groups represented 
by R" to R 1 5 may be linked together to form a ring, and at least 2 of the groups represented by R 16 
to R 20 may be Inked together to form a ring; 
mis 1 or 2; 
nis1or2; 

A 1 represents an atom of Groyp 14 of foe Periocfic TaWe, and when n is 2. the two youps represented 
by A 1 may be the same or different; 

E may represent the same or different grotps and represents at least one atom selected from among 
carbon, hydrogen, oxygen, halogens, nitrogen, suffir, phosphorus, boron and silicon or subetituents 
containing these atoms, and any 2 or more groups represented by E may be Irted together to form a 
ring; 

p represents an integer of 0 to 4; and 

X 2 represents a hydrogen or halogen atom, a hydrocarbon group oM to 

ated hydrocarbon groip of 1 to 20 carbon atoms, or an oxygen-containing group, suffur-oontaining 

gro^orsiOc»rK»ntain^ 

same or different 

A process for polymerizing an defin polymer, comprising polymerizing or oopofymerfzing olefins in the presence of 
an olefin polymerization catalyst as claimed in daim 5. 

An olefin polymerization catalyst comprising: 

(A* 1 ) a transftion metal amide corrpound represented by general formula Oil) below and at least one conpound 

selected from among 

(B» 

(B-1) aganoaluminum axy-conpounds, 

(B-2) compounds which react with the transition metal amide conpound (AT to form ion pairc. 
and 

(B-3) organometalfic compounds, 




...(III) 



where M 2 represents a transition metal of Groups 3 to 6 of the Periocfic Table; 

R 1 1 to R 20 may be foe same or Afferent, and each represents a hydrogen or halogen atom, a hydro- 
carbon group, halogenated hydrocarbon groipt organosiyi groups alkoxy grotp or aryfcxy group, - 
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COOft 21 . -N(R 22 )C{0)R 23 . -OC^R 24 . -CN. -Nfi 2 ^ or 

-NCR^SCOaJR 27 (where R 21 to R 27 represent akyl groups of 1 to 5 carbon atoms), at toast one of R 11 
to R 15 is a group other than a hydrogen atom, at least one of R 16 to R 20 Is a group other than a hydro- 
gen atom, at least 2 of the groups represented by R 11 to R 15 may be linked together to form a ring, 
and at least 2 of the groups represented by R 16 to R 20 may be finked together to form a ring; 
m is an integer of 0 to 2; 
nisan integer of 3to5; 

Each A 2 may be the same or different and represents an atom of Groups 13 to 16 of the Periodic 
Table; 

E represents at least one atom selected from among carbon, hydrogen, oxygen, halogens, nitrogen, 

sulfur, phosphorus, boron and sflfcon or substftijente containing 

E group, the E groups may be the same or olfferem and any 2 or more groups 

be inked together to form a ring; 

p represents an integer of 0 to 4; and 

X 2 represents a hydrogen a halogen atom, a hydrocarbon group oM 

ated hytfrocarbon group of 1 to 20 carbon atoms, or an oxygen-containing group, suHur-contaMng 

g/ouporsi&corHxntam^ 

same or effforent 

a A process for producing an aromatic vinyl corTpounoVcw)ierln copolymer, comprising copdymeriang an aromatic 
vinyl compound and an olefin in the presence of an olefin poryrnerization catalyst as claimed in claim 7. 

9. A process for produdng an ethylene^ 

atoms and ethylene in the presence of an olefin polymerization catalv^ 7. 

10. A process for producing an a-olefin random copolymer, comprising copotymerizing at least two of olefins 
selected from cc-olef ins of 3 or more carbon atoms, in the presence of an defin porymerization catalyst as claimed 
tn claim 7. 

11. A process for producing a cyclic olefin copolymer, conrprising copolymerizing a linear or branched olefin and a 
cyclic olefin in the presence of an olefin pdymerizarjon catalyst as claimed in claim 7. 

12. A process for polymerizing an olefin, comprising polymerization or copoiymerization of olefins in the presence of 
an olefin polymerization catalyst conrprising: 

(A 1 ") a transition metal amide conpound represented by general formula (IV) below 



(R2N)k M* XV* (IV) 



where M 2 represents a transition metal atom of Groups 3 to6 of the Period 

sition metal atom M, k is an integer of 1 to j, each R may be the same or different and represents a hydrogen 
atom, a hydrocarbon group, a halogenated hydrocarbon group, an organosiryl group or a substrtuent with at 
lead one element selected from among nitrogen, oxygen, phosphorus, sulfur and si Scon, the groups repre- 
sented by R may be linked together to form a ring , when k is 2 or greater, two R groups bonded to different 
nitrogen atoms may be bonded together to form a bcnoSng group which bonds the 2 nitrogen atoms, X 2 repre- 
sents a hydrogen or hatogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a hatogenated hydrocarbon 
group of 1 to 20 carbon atoms or an oxygen-containing groups suHur-containing group or sfficorHarrtaining 
group and when >* is 2 or greater, each X 2 may be the same or different; and 
(B-1) an organoaJuminum cocy-compound, 

wherein said organoaluminum oxyKttrrpound (B- 1 ) is added to the porymerization system in a form of 
an afiphatic hydrocarbon or alicycfic hydrocarbon slurry. 
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Fig.1 



(A) Transition metal component 
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M 1 



M : Transition metal of Groups 4 or Groups 8 
R 1 : Hydrocarbon of Ci to C15 

R 2 :-C(R 5 )2-C(R 6 )2-C(R 5 ) 2 - 

-C(R s )2-Si(RVC(R 5 )2-,etc. 
R 3 ,R 4 : Hydrocarbon of Ct to Cis, hydrogen, 

(B) Organometallic component 
Organoaiuminum oxy-compound 

Q Ionizing ionic compound 

Organoaiuminum compound '\- 
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Olefin 
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Fig.2 

(A) Transition metal component 
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M : Transition metal atom of Groups 3 to 6 
R^R 20 : Halogen, hydrocarbon, etc. 
( (Em)A 1 )n : Hydrocarton, etc. 
n:1 or2 
X 2 : Halogen, etc. 

(B) Organometallic component 
^ Organometallic compound 

^ Organoaluminum oxy-compound 



Compound which reacts with transition 
metal compound to form ion pair 



(C) 3rd component 
( Rne particle earner ) 



Olefin 
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Fig.3 

(A) Transition metal component 
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M : Transition metal atom of Groups 3 to 6 
R 11 ~R 20 : Halogen, hydrocarbon, etc. 
( (Em)A 2 )n : Hydrocarbon, etc. 
n:3to5 

X 2 : Halogen, etc. 
(B) Organometallic component 

^ Organometallic compound ^ 

^ Organoaluminum oxy-compound ^ 



Compound which reacts with transition 
metal compound to form ion pair 



ion\ 



(C) 3rd component 
( Fme particle earner ) 



Aromatic vinyl 
compound 
a-olefin 

Cyclic olefin 
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Fig.4 



(A) Transition metal component 



M 2 : Transition metal atom of Groups 3 to 6 
R : Hydrocarbon, etc. 
X 2 : Halogen, etc. 

j : Valency of M atom 

k : 1 to J 



* 1 : Added to polymerization system in a form of an aliphatic 
hydrocarbon or alicycltc hydrocarbon slurry 




Olefin 



(B) Organometallic component 
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